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ABSTRACT 


Spectrograms of the great daylight comet, Skjellerup, December, 1927, taken near 
perihelion passage, reveal the D-lines of sodium in emission with very nearly equal 
intensity. On the assumption that the D-lines are due to the absorption and re-emission 
of resonance radiation and that the absorption of this radiation in the interior of the 
comet is governed by the combined action of the Doppler and radiation damping 
agencies, the observed intensity ratio 0.9 < (D2/D;) < 1.1 yields, for the concentration 
of normal sodium atoms in the comet’s temporary atmosphere, 50 < N < 2500/cm:. 
The concentration of normal sodium atoms is subsequently confined to the region of 
the lower limit by an analysis of the monochromatic magnitude of the comet. 


I. INTRODUCTION 


Visual, photographic, spectrographic, and radiometric observa- 
tions of Skjellerup’s brilliant comet (1927 k) were secured on De- 
cember 16-19 under good conditions of transparency." 

On the evening of December 15 an object was reported closely 
following the sun as it set. The next morning the comet was found 
to be an easy naked-eye object. The experienced observer saw it 
readily during that day by extending the hand to shade the eyes 


~O 


from the sun, which was only about 5° southwest of the comet. 


*V. M. Slipher and E. C. Slipher, Pop. Ast., 36, 300, 1928; C. O. Lampland, ibid., 
36, 240, 1928. 
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Venus, to the west of the comet, was available for comparison. Early 
in the day of December 16, the comet was many times brighter than 
Venus and was a relatively conspicuous object by reason of its 
brightness and tail. 

The nucleus was of an orange-yellow color and was small but not 
quite stellar in form or sharpness. At times it appeared distinctly 
elongated. The nucleus was enveloped by the arching hoods com- 
monly seen in bright comets. The tail was broad and was about 45’ 
long. By early afternoon (December 16) the comet had faded, and 
the tail had also changed in appearance. 

After Saturday, December 17, the comet was seen, during the day, 
only with the aid of the telescope. It was last observed late in the 
afternoon of December 19. Attempts to direct the telescope on it 
the next day in full daylight were unsuccessful. 

The comet’s spectrum was first examined visually on the morning 
of December 16. However, it showed—on the sky-spectrum back- 
ground—only a strong continuous spectrum of the nucleus, of the 
solar type. Examination with both low and high dispersion then 
showed the same result, disclosing none of the usual cometary 
bright bands. The next day, it was seen that the dark D-lines of 
sodium of the sky spectrum were bordered with faint bright D-lines 
of the comet. On December 18 these had strengthened until they 
were a very conspicuous pair of bright lines of equal intensity super- 
posed upon the sky spectrum. The following day they were still 
brighter. They were long and very considerably displaced to the 
red side of their normal position, proving that the comet was reced- 
ing from the earth at the rate of about 90 km/sec. The emitting 
sodium spread to a considerable distance from the nucleus and was 
most intense on December 19, the last day of observation. The two 
lines were very sharp and were conspicuous because they were so 
nearly of equal strength. 

Although sought, no trace was found, visually or photographi- 
cally, of the usual cometary bright bands. The long series of spec- 
trograms included the spectrum region of two of these bands, 5165 A 
and 5635 A, the former being perhaps the most capable of the series 
of revealing itself under the conditions. It should be borne in mind, 
however, that the sky spectrum might have been effective in masking 
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a b 
a) COMET (1927 K) SKJELLERUP 
Photographed by FE. C. Slipher at midafternoon, December 16, 1927, when the comet 
was only 5° from the sun. 
b) DRAWING OF COMET SKJELLERUP 

Made by E. C. Slipher on December 17, 1927 
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THE SPECTRUM OF COMET SKJELLERUP (1927 K) 


The upper spectrum (a) with short exposure to record the comet’s bright sodium 
i D-lines with the least intensity of sky (solar) spectrum. This displays the strange 
equally intense D, and D, in the comet as compared with the usual unequal strength 

given by the D-lines in the comparison above and below those of the comet. 

The lower spectrogram (b) with long exposure to record the comet’s bright D-lines 
over the dark lined solar (sky) spectrum background. Superposed are to be seen short 
bright lines of the comparison spectrum. This spectrogram was made with a long slit 
for comet (and sky) to allow the bright comet lines to show their extension from the 
comet’s nucleus (which occupied the middle of the slit). Both spectrograms reveal the 
marked displacement of the comet’s lines in accord with its rapid recession from the 
earth at the time. The comparison spectrum is an iron-vanadium spark into which was 
dropped a pinch of salt. 
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weak emissions, inasmuch as all observations were made against a 
daylight sky, very close to the sun. 
Il. THE D-LINES IN EMISSION 

The amount of vaporized material per unit volume of a comet’s 
atmosphere may be considered to be minute. Accordingly, in dis- 
cussing the processes governing the distribution of energy in spec- 
tral lines emitted, it is safe to assert that collision damping, pressure 
effects, and Stark effect may be neglected. The breadth of the 
D-lines, or the width at half-intensity, is therefore controlled by the 
combined action of radiation damping and the Doppler effect due 
to random motions. It is of interest to determine which of these 
mechanisms is dominant. 

The Doppler half-intensity breadth is given by the familiar ex- 
pression’ 

2v { 2RTIn2 }3 


Wd = b ] 


é M 
from which it follows that 
Wa = 2.08 XK 10’ sec *. 


The radiation damping half-intensity breadth is the sum of the 
half-intensity breadths of the resonance and ground levels. The 
half-intensity breadth of the ground level is substantially zero, 
apropos of the long mean life of the atom in this state. The upper- 
level half-intensity breadth is given by 


oe 
w, = ‘N C48C ie, Pal 
—Z 
m 
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2 The value of 7 will be taken equal to (277° + 329°)/2Vr, where 277 Vr is the 
temperature obtained when the nuclear masses are assumed to be approximately 
spherical black bodies absorbing solar radiation in an amount corresponding to their 
cross-sections, and reradiating this energy in an amount corresponding to their entire 
surfaces; and where 329°/Vr is the value obtained when reradiation occurs only from 
the hemisphere exposed to the sun. 7 (takenwo.17) is the heliocentric distance in 
astronomical units. The meteoric masses are assumed to be in near equilibrium with 
the solar radiation, and the gas, having been effused by these masses, is assumed to have 
partaken of their temperatures. 7 = 750° K. 
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The sums are extended over all levels for which E, > E,,, E being 
the energy. For a resonance level this becomes 


nosyo TEV; 
_ 3fno¥ x 4 : 
Sn 3uC 


i ’ 


where fy. is the oscillator strength of the transition, and g, and g, 
are the weights of the normal and resonance states, respectively. 
The transitions in question are 

D,, 2p, io 2S 3/2 

D., = ?P 3/2 > 7*Stjr; 


for which we have 
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and; 
fP,), am 2fP,), = 0.71. 


It follows that p,w, = p,w, = 107 sec *. (The value of w, has actu- 
ally been observed for the D-lines by R. Minkowski.* He has found 
27w, = 0.63 X 10°, from which it follows that w, = 10’ .) 

The large ratio wi/w, = 208 indicates that the distribution of 
energy in the cometary D-lines is predominantly of Doppler origin. 


III. THE COMETARY D-LINES 

We seek an explanation for the observed equality of intensity of 
the D-lines emitted by the sodium in the temporary atmosphere of 
Comet Skjellerup. The intensity in question is clearly the total or 
integrated emission, since it is manifest from Section II and from 
the fact that the slit width was 0.78 A that the spectrograph was 
incapable of resolving the true contours of the emissions. 

Schwarzschild and Kron’ have satisfactorily accounted for the 
luminosity of comet tails by the mechanism of absorption and re- 
emission of sunlight. Zanstra® has been similarly successful in the 

3 R. Ladenburg and E. Thiele, Zs. f. Phys., 72, 697, 1931. 

4 [bid., 86, 839, 1926. 

SAp. J., 34, 342, IQII. 6 M.N., 89, 178, 1928. 
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case of the comet heads. It seems appropriate, therefore, to assume 
that the sodium atoms in the atmosphere of Comet Skjellerup were 
excited by solar radiation. The problem then resolves itself into de- 
termining the set of conditions which prevailed in the cloud to make 
it possible for the gas of sodium atoms to absorb in such manner as to 
emit equally in the regions D, and D.. It is sufficient, as in Section 
II, to consider radiation damping and the Doppler effect as the 
agencies governing the absorp- y 

tion of sunlight. It has been as- 

sumed, of course, that in so rare 

a medium the resonance absorp- 

tion and emission are equal for — (newene ree 








ay 





each volume element. 
To take into account the dif- 

ferential absorption suffered by ’ 
the re-emitted resonance radia- 
tions as they pass through the 
body of the cloud to the bound- 
ary, it suffices to represent the 
atmosphere of the comet as a two-dimensional rectangular layer illu- 
minated in the X-direction by the D-region of the solar spectrum. We 
shall determine the intensity of the resonance radiation emitted by 
the sodium vapor in the comet in the Y-direction. The absorption co- 
efficient of the sodium vapor is a function of the frequency v and will 
be designated by a(v). With negligible error, we assume that the in- 
tensity of the sunlight incident upon the vapor is constant over the 
small spectral region D, and over the small spectral region D, of the 
vapor. Denote this by p,/. and by p,/o. Neglecting the effect of scat- 
tering from surrounding space elements, the amount of radiation ab- 
sorbed by the element dxdy is proportional to 

















x 
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Fic. 1.—Model of comet’s head 


Tye* *a(v)dxdy . 


A quantity proportional to e*””” of this amount will escape through 
the boundary y = o and will proceed, let us say, toward the earth. 
In consequence, the total radiation of frequency v emitted in the 
direction of the negative y-axis is proportional to the integral of the 
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product of these factors taken over the area occupied by the sodium 
cloud. That is to say, 


I(v) = I, £ alv)e™ Wdxdy . 


If / is taken to be the length of the layer in both the X- and Y-direc- 
tions, it follows that 





The total energy radiated as a D-line is consequently represented 


7 « _ 0) {rt des e—alr)l\2 
P = I(v)dv = I, dy . 
‘ A a(v) 


The absorption coefficient determined by the combined action of 
radiation damping and the Doppler effect may be stated explicit- 


by 
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where 
N = the number of normal atoms per cm, 
K = S noe? , F 
KC 
e Sun 1 fr 
56 = = 4,, T = mean life, 
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M \'/2 . : . oA at 
y=u (37) , « = the velocity of an atom in the line of sight, 


bc (/M\? w, . 
Dm sh = SF (in ay? 
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7Cf. S. Rosseland, Theoretical Astrophysics, p. 100, 1936. 
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F. Reiche® has shown that, when D < 0.01, the absorption co- 
efficient may be expressed in the form 
2 a : 
a(v) = ko { e-» — —,, (1 — 2wF(w)) ; 
\ "= ) 


where 


— ae N«f (” *) 27 


Me T Wd 
F(w) = ef e”dy 
o 
2W), en 
a=2D= (ln 2)*/?. 
Wd 


The factor preceding the integral in Rosseland’s expression for 
a(v) is identical with the product 


k,a 


ar 


The simplification presented above is applicable to the present 
problem in virtue of the fact that D = 0.004 for Comet Skjeller- 
up. 


Before proceeding with the evaluation of the integral P, it will 
be instructive to find the solution in the first approximation by 
neglecting the effect of the differential absorption exercised by the 
sodium cloud upon the escaping radiations. In this approximation, 
the integral P becomes / times the integral Q: 


a 
QO= If fr — ee!) dy, 
° 


This integral has been evaluated not only for the limiting cases of 
the Doppler effect and radiation damping? but also for the general 


§Cf. A. C. G. Mitchell and M. W. Zemansky, Resonance Radiation and Excited 
Atoms (New York: Macmillan Co., 1934), pp. 101 and 321. 

9R. Ladenburg and S. Levy, Zs. f. Phys., 65, 189, 1930. R. Ladenburg and F. 
Reiche, Ann. d. Phys., 42, 181, 1913; C.R., 158, 1788, 1914. 
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case of the combined effects.'° In the general case of the combined 
effects, the manner in which Q depends upon the optical density of 
the gas, that is, upon the product Nfl, is depicted by the curves of 
growth (Fig. 2) taken from the paper by E. F. M. van der Held. The 











+ 


“hg 4 


Fic. 2.—Curve of growth in the first approximation 
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arabic ® is equal to the product V-f. The curve is a plot of 7 Q/d J, 
against log Nfl/b, where 


Wd = 3-77 Wd - 


—— - 7 
c \M ~ (In 2)? 


The parameter of the family of curves is 


W, 
a= 2— (ln 2)'? =4D; 
Wa 


1 W. Schiitz, Zs. f. Phys., 64, 682, 1930; Zs. f. Ap., 1, 300, 1932. E. F. M. van der 
Held, Zs. f. Phys., 70, 514, 1931; see also Rosseland, op. cit., p. 166. 
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that is, the ratio of radiation damping and Doppler half-intensity 
breadths multiplied by 1.66. In the case of Comet Skjellerup," 


wa = 2.08 X 10°, b = 7.85 X 10°, 1 = 5 X 10°cm, fp, = 2fp, = 0.71. 


Consequently, for D., 


Nfl. N 
fF = NX 0454 = =, 
and for D,, 
Nfl — N 
b 4-4 


The curves of growth express the fact, which was first pointed out 
by Ladenburg and Reiche, that the total absorption is proportional 
to the optical density for small values of the latter regardless of 
whether the absorption coefficient is determined by radiation damp- 
ing, Doppler effect, or both; whereas, in the event that radiation 
damping is an appreciable agent for the absorption (a > 0.01), the 
total absorption is proportional to the square root of the optical den- 
sity for large values of the latter. 

In the case of Comet Skjellerup 


7 2 X 107 (In 2)'/? 
= 2.08 X 10? 





= 0.008 , 


and we are therefore concerned with the intermediate portion of the 
curves of growth. This section, in which NVfl/b ranges between 107 
and 2 X 104, supplies the clue for the approximately equal total 
emission of D, and D,. It is evident that in this region the emission 
increases very slowly with increasing optical density. Specifically, 
the ratio of the total emission of the two lines, for which the ratio of 
the optical density is 2:1, differs from unity by only 1ro—15 per cent. 

A more exact determination of the optical density demands recog- 
nition of the fact that the intensity of sunlight J, , in the cometary 
spectral region of D, will, in general, differ from /,,, in the region 
D,. This is due to the different contours of the D-lines in the solar 


™ In this calculation the comet’s atmosphere has been assumed to be spherical and 
its diameter has been taken to be /, as determined from the length of the D-lines. 
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spectrum and to the fact that the comet possessed an appreciable 
radial velocity relative to the sun, the latter resulting in a Doppler 
displacement of the D-lines. Unséld” and Korff's have mapped the 
experimental contours of the solar D-lines. From the known helio- 
centric radial velocity of the comet's and the work of Korff and Un- 
séld, it appears that 
fo 2 0.96. 

The ratio Q,/Q, of the observed total emission of the D-lines in the 
comet appears to be 0.9 < Q./Q, < 1.1. The corresponding ratio 
of the quotient Q/J, for the lines D, and D, is 


0. 


0.86 < _ <1.14. 
I, x 


The corresponding possible limits of the density N of normal 
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Fic. 3.—Relative intensity as function of optical density 


sodium atoms are easily obtained from Table 1. They may also 
be obtained from Figure 3, which exhibits the dependence of 


Q: 
To, 2 
Q: 
To, x 


2 Zs. f. Phys., 46, 772, 1928. 
13 Ap. J., 76, 291, 1932. 
14 The orbital elements for Comet Skjellerup (1927 k) have been given by A. C. D. 
Crommelin in the M.N.R.A.S., 88, 597, 1928, as 
T = 1927 Dec. 18.18340 U.T. i = 85°6’22"01 
47°11 13724 log g = 9.2462789 
Q = 77°13’ 29762 
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upon the optical density Nf,//b . The lower limit of the density is 
rather sharply defined, yielding V > 170 atoms/cm}; the upper limit 
is not quite so sharply defined, yielding NV < 22,000 atoms/cm‘. 
Consequently we may conclude, in the first approximation, that the 
density of normal sodium vapor lies between 10? and 2.5 X 104 
atoms/cm}. 

The second approximation to the solution of the problem is 
achieved by evaluating the integral P (see Appen.). The results of 
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Fic. 4.—Curves of growth in the second approximation 


these approximate calculations are collected in Figure 4. The 
quantity 


‘2 


kt =C=Nil et. ae 2Nf X 0.03 , 
" we @ 
which is plotted as abscissa, is found by introducing the values 
e?/uc = 8.45 X 10 3, b = 7.85 XK 10°, and / = 5 X 10%; it follows 
that N = Cp, X 25 = Cp, X 50; the ordinates are the values of 
27 P/bI,1. The lower curve is drawn for a = o, and the upper 
one for a/2 = /7/200 = 0.00887, where, as before, a = 2w,/wa 
(In2)*/? = 1.66 w,/wa . 
In the same manner in which Figure 3 was interpreted, we now 
consider the dependency of the ratio 
P, 
To, 2 
= 
To, x 
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upon Cp,. For the temporary atmosphere of Comet Skjellerup, 
this ratio lies between 0.86 and 1.14, and we conclude from Figure 
4 that the upper limit of the density of the normal sodium atoms 
lies in the neighborhood of 2500 atoms/cm} (instead of 22,000 as 
was determined in the first approximation) and that the lower limit 
may be as low as 50 atoms/cm: (instead of 170). 

It must be borne in mind that the inequalities involving N should, 
strictly speaking, be expressed in the form of limits. Thus, the first 
approximation yields either V = 170 or N = 22,000, and the second 
approximation yields either V = 500r NV = 2,500. We must, there- 
fore, find an independent method of approach which will indicate 
which limit is to be considered the solution to the problem. It is 
clear that if the lower limit is the appropriate one, then the effect of 
the cometary sodium upon the escaping radiation is negligible, and 
the second approximation adds little to the first. 


IV. THE CALCULATED MONOCHROMATIC MAGNITUDE 
OF COMET SKJELLERUP 

A knowledge of the approximate dimensions of the comet’s at- 
mosphere combined with the density of the normal sodium as deter- 
mined in Section III, makes it possible to form an estimate of the 
magnitude of the cometary head in the light of the D-lines. 

The energy of a single D-emission is 1/3 X 10 “ ergs. The num- 
ber of transitions in the entire cloud per second is equal to the volume 
of the cloud multiplied by the mean density, multiplied by the num- 
ber of transitions per atom per second, or 

a D3N 
6t ’ 


where ¢ is the time required by a sodium atom to execute an absorp- 
tion and emission of a D-quantum. The total energy emitted per 
second by the cloud is 1/3 X 10" X tD3N/6t ergs. The luminous 
power output of the sun is 5 X 10 ergs/sec. and its apparent mag- 
nitude is — 26.7. The sun’s apparent brightness, therefore, exceeded 
that of Comet Skjellerup’s head by a factor 

5 X 10” 


‘ Ai; aD3N ° 
3 X10" X 6 





F = 
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Since 50 < N < 2500, the limits of this factor are 


wt oF So 5 X 16%, 


and the monochromatic brightness of the cloud is — 26.7 + x, where 
2.5” = F. We must now determine ¢. This may be done by the 
application of Milne’s method of finding the resultant momentum 
acquired by a sodium atom during the time ¢. The momentum ac- 
quired in falling toward the sun is mgt. The mean momentum ac- 
quired away from the sun in virtue of absorption (radiation pres- 
sure) is hv/c. The momenta toward and away from the sun are in 
the same ratio as the forces of gravitation and repulsion due to radia- 
tion pressure. Baade and Pauli’® have determined this ratio and 


have shown it to be 
_ hv 
_ 8rethe *7 _ radiation 
umcGn3 gravitation ’ 





where ¢ is the electronic charge, u is the electronic mass, m is the mass 
of the sodium atom, and T is the sun’s temperature. Wurm” has 
shown that better agreement is secured when it is assumed that the 
ratio as determined by Baade and Pauli is too great by a factor of 2. 
We arrive, therefore, at the relationship 


eg 
al gl, 


from which it follows that ¢ = 0.5 X 10 seconds. Consequently, 
cXae° 3 F €£ 26K 10”, 


and therefore 22 © X © 26. It would appear that the monochro- 
matic magnitude of the comet’s head was — 4.7 & M & — 0.7. (The 
comet was very nearly one astronomical unit distant from the earth 
at the time of observation. ) 
Reference to the description of the comet given in Section I indi- 
15 W. Baade and W. Pauli, Naturwissenschaften, 15, 50, 1927. 


1K. Wurm, Zs. f. Ap., 10, 287, 1935. 
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cates that the sodium magnitude of the comet was much nearer 
—o.7 than — 4.7 and was probably in the neighborhood of magnitude 
—1. This would seem to indicate that the density of normal sodium 
atoms in the cloud was in the immediate neighborhood of the lower 
limit given in Section IIT, that is, in the immediate neighborhood of 
50 or 100 atoms/cm’. 


V. THE PROPORTION OF NORMAL TO IONIZED SODIUM ATOMS IN 
THE TEMPORARY ATMOSPHERE OF COMET SKJELLERUP 
Owing to the high degree of ionization, the total number of sodium 
atoms per cm’ must have exceeded by far the density of normal 
sodium. An approximation to the degree of ionization prevalent 
in the comet’s atmosphere can be ascertained from Saha’s relation. 
The expression 


e 


’ I 
log : ne = — 5048 T + 


wer 


log T — 6.5 + log S ; 
where 


* = the fraction of atoms ionized 
p = the gas pressure 
I = the ionization potential of sodium = 5.1 electron volts 
T = the sun’s temperature = 6000° 
(R?/4r?) = the factor of dilution of the sun’s black-body radiation at the 
distance r of the comet from the sun, 


leads to the value Ni?/N = 10'S, where V; = the number of ionized 
atoms per cm, and N = the number of normal atoms per cm. 
Since NV appears to be in the neighborhood of 100 atoms per cm, 
we have NV; approximately equal to 3 X 10%. It follows that for 
every normal sodium atom present in the head of Comet Skjellerup 
there were approximately 3,000,000 ionized ones. 
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APPENDIX 
The evaluation of the integral P given below is due to Mr. John Sweer, of Princeton 


University. 
Evaluation of the integral 


re) 
I= ne aes! A 
4 a(v) : 


which is identical with P when J» = 1. 


a(v) = ha ee? _ 2 (1 — 2wF(w)) 


us 


F(w) = oat ev*dy 
° 


a = 2u,/wg (ln 2)1/2 is taken to be S 0.02. 
CASE I 


Taking a = o and writing kz = C X /, we find 


> ae {; — Ce} lb ila {1 — e—Cew*}2 
I=5 irreinreranscnnetens ip shes = en camel ’ 
C € 2m € 
° —0 


where b = mw,/(/n 2)1/2, and where the lower limit is set at — «© because the integrand 
approaches zero very rapidly for values of — w greater than approximately 100 X wa. 
In order to carry out the above integration, let us first consider the function 


+00 
T(C). = f {1 _ e—Ce—o"} dw. 
= 66 
We may now write 


Cc *4-00 —~Ce—w? 
’ . - é = 2 
° —o or 


from which it follows that 


2C (Ceo +00 —oCe—@? _ —~Ce—e? _ 
{ TdC — “| TdC = { {2c + ——_ ig wily sbi | es 
° ° —2 sd e f 
d 
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The function 7(C) has been tabulated.? It is equal to 1/zx times the product C-S(C), 
which is given on page 204 of the first reference in note g above. We may now put the 
integral in the form 


2C C 
rg hf ric 3 { rac \ 
C. oF 4 4 f 
at yee eee 
-ixsehf c+ stode ~ 2 f "c+ stoac , 


The values of the intensity function for a = o have been calculated from this formula 
by means of numerical integration of the tabulated function given in the first reference 


under note 9 above. 





CasE II 
For a ¥ o the integral becomes 

+A / a \2 

} —C (--o_ {1—20F(w)}) 

—,e Vx 
F = . l : ( : : J dw . 
Tv . cath ¢ =. DY 

" C y e om (1 — 2wF(w)) 


Numerical integration is again employed in this case, from w = o to that value w of w 
for which e—#? may be neglected, and for which a power series expansion of 


= (e-#— > (1-20F(w)}) 
e Ve 


may be assumed to be valid when fourth-degree terms of the argument are dropped, 
For these greater values of w, we may write (putting aC/./m = A): 


xl’ al — 2¢A(I—2wF) + e2A(I—2wF) F 
Ti i —A(i—20F) = 





foe) 
= { {— A(1-2wF) — A2(1—2wF)? — 745 A3(1 — 2wF)3 —... .}dw 


= | AP ~ 48 ~ of f Fidw — | 
— 7, A384 F — 2wF?+4 (wF + -) + 3 Fedw 


The foregoing follows readily from the relation 





dF 
dw 


I — 2wk = 
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Upon the introduction of the semi-convergent series 


4 


F(a) = 1+ 4 2a ip NE og SE 


2)? (2w?)? (2w?)3 (2w?)4 J 
we find 


Be Aik td ~ ba 2 ak i a kD id a 


bl aw 4w3 8w5 167 
This formula was employed to evaluate the integrals over the edges of the line. 
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RADIAL VELOCITIES OF CEPHEID 
VARIABLE STARS* 


ALFRED H. JOY 


ABSTRACT 

Uniform radial-velocity determinations have been made for 128 variable stars of the 
5 Cephei type with periods from 1.5 to 45 days. With low-dispersion spectrographs the 
observations have been extended to the fourteenth photographic magnitude. Tests for 
systematic errors were made by comparing results for stars having similar spectra with 
Lick determinations. 

Velocity-curves were drawn for 106 stars. From these curves the normal velocity, 
range, and certain characteristic features were deduced. Incomplete data were also 
obtained for 22 additional stars. Diagrams were plotted showing the relationship be- 
tween period and certain properties of the stars such as light- and velocity-range, shape 
of the curves, and lag of the velocity-curve at maximum and minimum of light. 

Radial-velocity determinations for variable stars of the 6 Cephei 
type are of especial value for extending our knowledge of the activ- 
ities taking place in the atmospheres of unstable stars as well as for 
obtaining data concerning the motions of distant stars and the move- 
ment of the galaxy as a whole. In general, Cepheids are situated 
close to the galactic plane and are well distributed in longitude. 

The characteristics of individual velocity-curves of several of the 
brighter Cepheid variables have been known for a number of years 
through the results obtained, mostly at the Lick Observatory, from 
three-prism spectrograms. Previous to 1920 about a dozen stars had 
been observed in detail and the relationship of the light- and veloc- 
ity-changes carefully studied. 

In planning a comprehensive program of spectroscopic observa- 
tion of stars of this type, it seemed advisable to survey the whole 
group down to the faintest limit of magnitude possible with the in- 
struments available rather_than to continue the practice of intensive 
observation of certain selected stars. It was hoped that ten, or even 
fewer, spectrograms of each star, if properly distributed in phase, 
would be sufficient to determine a reliable normal velocity for the 
star and give a first approximation to the form of its velocity-curve. 

* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washing- 
ton, No. 578. 
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Up to the present time spectrographic velocity-observations for 
29 variable stars of the 6 Cephei type have been published, exclusive 
of Polaris, which is peculiar in its behavior. They are as follows: 


n Aql DT Cyg W Ser 
U Aql B Dor X Sgr 
FF Aql ¢ Gem Y Sgr 
RT Aur W Gem RV Sco 
1 Car T Mon SZ Tau 
SU Cas S Mus R TrA 
TU Cas S Nor S TrA 
6 Cep Y Oph T Vul 
X Cyg k Pav U Vul 
SU Cyg S Sge 


Twenty stars were observed at the Lick Observatory by 14 different 
observers, 12 at Mount Wilson, mostly by Sanford, 2 at Michigan, 
and 1 each at the Pulkowa and the Cape observatories. In a few 
cases observations were made at more than one observatory. The 
present investigation adds to this number 126 stars and leaves only 
35 stars, mostly fainter than fourteenth magnitude, north of declina- 
tion —4o° for which no observations are now available. 

The observations and reductions have been kept as uniform as 
possible during the period of time involved. One-prism spectro- 
graphs were used, and the camera employed depended on the bright- 
ness of the star so that the exposure-times could be limited to three 
hours or less. 

The spectra of Cepheids are known for their wide deep lines and 
for the presence of numerous strong lines of ionized atoms. These 
characteristics are especially favorable to the use of low dispersion. 
It was found that most of the lines used could be seen and readily 
measured on small-scale spectrograms, if attention was given to the 
proper exposure of the photographic plate. Although the observa- 
tions of each star usually extended over several years, the resulting 
velocities, when sufficient in number, may be used to plot a mean 
velocity-curve, if the period is reasonably constant. It is necessary to 
depend upon the period of variation given by photometric observers. 
The photographic results, especially those of Robinson of the Har- 
vard Observatory, have been used if available. In most cases prefer- 
ence has been given to elements based on data covering as long a 
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period of time as possible. A number of the elements are apparently 
in need of further observations for confirmation or revision. 

In Table 1, data are listed concerning 106 stars for which the ob- 
servations indicate the course of the velocity-curve. Table 2 con- 
tains similar data for 22 stars for which curves could not be drawn, 
either because of insufficient observations or because the agreement 
among the velocities was too poor to determine the curve. The 
phases are expressed as fractions of the period. The symbols “a,” 
““b,” and “c” in the sixth column indicate dispersions of approxi- 
mately 35, 75, and 120 A per millimeter, respectively, at Hy. The 
estimated weight, given in the last column, is based on the disper- 
sion and the quality of the plate. The radial velocities for each of the 
106 stars are plotted against phase in Figures 1-18, and rough ve- 
locity-curves are drawn through the points with due consideration 
of the weight of the observations as given in the table. 

The normal velocity for each curve was determined to the nearest 
half-kilometer per second by the method of equal areas and is indi- 
cated on the diagram by a dashed line. Light-curves from various 
sources, to which reference is made in Table 1, have been placed 
alongside for convenience in comparing certain features of the light- 
and velocity-variations. 

On the assumption that the curves, as drawn, represent the true 
course of the velocity variations, the average unweighted residual is 
about 3 km/sec, and the probable error of the normal velocity for a 
star is of the order of 1.0 km/sec. Tests for systematic error were 
made by comparing with Lick Observatory results the velocities of 
8 stars having constant velocity and Cepheid-like spectra. Fifty-five 
spectrograms were obtained with the shorter cameras at both the 
60- and 1oo-inch telescopes and measured in the customary way. 
The results are shown in Table 3. The mean of the differences is 
+ 2.4km/sec, and the systematic deviation —o.14 km/sec. Thirteen 
plates of 6 Cephei may also be used for comparison with Jacobsen’s 
curve, which is shown in Figure 6. The mean of the residuals is 
+ 3.4 km/sec, and the systematic difference (Mt. Wilson minus Lick) 
—o.3km/sec. Similarly, 11 plates of T Vulpeculae give a mean 
residual of + 3.3 km/sec and a systematic difference of —o.1 km/sec 
relative to Albrecht’s curve." 

* Lick Obs. Bull., 4, 137, 1907. 
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TABLE 1 
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OBSERVATIONS OF CEPHEID VARIABLES FOR WHICH 
VELOCITY-CURVES ARE ILLUSTRATED 








Plate 


Date 


7p* 


Phase 


Vel. 


Km/Sec 


Disp. Wt. 





SZ Aquilae 18"59™358, +1°9’T; 9.4-11.4 pg. 
Max.=JD 2420258.765+17 4137939 E 
Elements and photographic light-curve by Robinson, Harvard Bull., No. 872, 16, 





1930. 

OR. i eee 1921 Aug. 20 | 2422922.701 0.441 | + 4.3 b 1.0 
ee ee Oct. 6 2969 .641 .180 | —20.8 a 1.5 
3764 1926 Apr. 24 4030 .993 .120 | —22.7 b 1.0 
tS. 1928 Sept. 24 5514.706 .684 | +34.7 b 0.3 

Vi MOOR... 53.0% 1929 July 14 5807 .844 .789 | +36.8 b 0.7 

=F Aug. 18 5842.765 .827 | +45.4 b 0.7 
SY ae Aug. 21 5845 . 802 .004 | + 9.4 b 1.0 

2 eo ho 1930 July 11 6169. 868 0.913 | +17.8 b 0.7 























TT Aquilae 19°3™9*, +1°8’; 7.4-9.1 pg. 
Max.=JD 2420097.705+13%754980 E 





Elements and photographic light-curve by Robinson, Harvard Ann., go, 49, 58, 

1933- 

Ao) ae 1918 Aug. 19 | 2421825.795 0.634 | +18.4 b 1:0 
ee 1919 May 7 2086 .948 .620 | +13.3 b oe 
Or64....... May 12 2091 .go8 .g80 | —12.4 b 1.0 
£6080: ... 54: 1928 July 31 5459. 788 .828 | +26.0 a 0.5 
ae Oct. 28 5548 .639 .288 | — 9.3 b 1.0 
LOS80....... 1929 May 20 5752-977 .144 | —26.5 a 0.5 
ce  ———— July 23 5816.790 .783 | +27.4 a 1.0 
IOF2O.. 5 os: July 24 5817.831 .858 | + 4.5 a 0.5 
oo 1930 June 4 6132.985 .770 | +26.1 b 1.0 
17511 June 8 6136.976 O:O0% | =—20.'5 a Fg 























FM Aquilae 19"4™32°, +10°24’; 8.3-8.9 vis. 


Max.=JD 2425882.80+6‘%107E 


Elements and visual light-curve by Lause, Acta Astronomica, Ser. c, 


The period is doubtful. 


I, 145, 1930. 





1932 June 
Aug. 
Oct. 


19 
20 
10 


24260878 .977 
6940 . 809 


6991. 


735 


0.120 


-245 
0.584 


—I9.I 
— 29.2 


—18.3 


b r.0 
b 1.0 
C 0.6 





* Al! Julian days refer to G.M.T 


t The epoch is 1g00 in all cases. 
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TABLE 1—Continued 






































Vel. ; ‘ 
Plate Date JD Phase | yo icec | Disp. | Wt. 
FM Aquilae—Continued 

y 19564.......| 1933 Apr. 2 | 2427165.004 0.956 | +14.4 b 6.7 
a |) oe July 14 7268. 668 .931 | — 1.9 b 0.7 
Oy ee Aug. 29 7314.644 -459. | 17-7 b 1.0 

Ap GOSDEe cok 1934 May 21 7579.891 .893 | + 5.9 b 1.0 
Sau 5 CS eee June 19 7608 .983 0.656 | — 2.5 b 1.0 

FN Aquilae 19"7™48°, +3°23'; 9.9-10.9 pg. 
Max.=JD 2425853.36+9%480E 
Elements and photographic light-curve by Prager, A.N., 243, 360, 1931. 

Yi BBGER es 1932 June 23 | 2426882.882 0.599 | +30. b 1.0 
C Gree. ces Aug. 23 6943 .634 .008 | + 0.2 b 1.0 
yo) Aug. 24 6944 .632 .113 | —1I4.1 b 1.0 

% FOEIOw:. . i. Sept. 13 6964 .659 226 | + 4.6 b 1.0 
FOGOR. 6 oc 1933 Apr. 1 7164.962 .356 | — 3.3 é 0.6 
a> May 14 7207.81 .893 | + 1.8 b 1.0 
YP GDOES aie. sex Nov. 2 7379.049 .002 | + 7.2 b 1.0 
2OFFh 5 0s 1935 June 13 7967 .gIo .055 | — 1.0 b 1.0 
7 os Ee June 14 7968 .g69 .166 | — 7.9 b 1.0 
IGFO 6 osx 5 July 12 7996 .924 .115 | —21.8 c 0.4 
BOOAL ..« o5ice. Oct. 20 8096 .678 0.638 | +18.2 € 0.6 























PZ Aquilae 18'5042°, —3°1'; 12.4-13.5 pg. 
Max.=JD 2426174.853+81475546E 
Elements by Harwood, Harvard Bull., No. 893, 24, 1933. No light-curve available. 





Co Clee 6255 1934 June 22 | 2427611 .858 0.127 | —38.6 c 0.4 
Catt ree Aug. 23 7673.719 192 44.6 c 4 
6604... 603 1935 June 10 7964 .892 .448 at.3 c 4 
Cy 0 ee July 8 7992.816 638 17.0 c 6 
GIRe occ July 9 7993 ..769 746 26.0 c 6 
ar 1936 July 30 8380.726 0.942 | —49.5 Cc 0.6 























V 336 Aquilae 18'56™11°, —o°1’; 9.4-10.4 Vis. 
Max.=JD 2427600.31+7 430765 E 
Elements from A.N., 258, 199, 1936. Visual light-curve by Beyer, ibid., 258, 276, 
1930. 





+ QIOOE es 1936 May 1 | 2428290.943 0.508 | +27.7 c 0.6 
SS ee May 2 8291 .g50 .646 | +28.8 c 6 
6090; 605.55 May 27 8316.970 0.070 | — 8.5 c 0.6 
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TABLE 1—Continued 
| 
Vel. F : 
Plate Date | JD Phase bay Sec Disp. Wt. 
V 336 Aquilae—Continued 
WS BIOT? 6s iad 1930 May 31 2483 20.985 0.619 | +45.8 c 0.4 
BIOSE  ¢ aces July 1 8351.757 .830 | + 1.3 c 6 
BTGSE. 5 23-5 :<15 July 7 8357-771 .653 | +41.6 c 6 
Oa July 11 8361 .691 .190 | — 3.2 c 6 
GOES. ccc 2 July 30 8380.905 0.819 | +16.2 c 0.6 
Y Aurigae 5"21™32°, +42°21'; 9.2-10.2 pg. 
Max.=JD 2419866.903+3 4859435 E 
Elements and photographic light-curve by Robinson, Harvard Ann., go, 46, 56, 

1933- 

CO. BERT os ono 1926 Dec. 14 | 2424864.929 0.013 | — 6.5 b ro 
at er Dec. 15 4865 .882 .260 | + 6.8 b 1.0 
ot 1927 Nov. 30 5215.874 .944 | —12.7 b 0.3 
ee 1928 Jan. 10 5250.829 .556 | +14.2 b 10 
BOTT. onicxs Sept. 23 5513-997 .189 | — 0.8 b 1.0 
te 1929 Oct. 12 5897 .000 .427 | +22.4 b 5.6 
oy Ee 1931 Mar. 29 6430.667 .70o2 | +21.8 b 1.0 
“eS eee 1932 Oct. 9 6990 .006 0.629 | +32.5 b 0.7 

RX Aurigae 4°54™28°, +39°49’; 7.8-8.8 pg. 
Max.=JD 2419698.357+11 1623331 E 
Elements and photographic light-curve by Robinson, Harvard Ann., go, 46, 58, 

1933- 

a) |} See 1917 Dec. 5 | 2421568.795 0.921 | —27.4 a ZS 
oY are Dec. 30 1593 .938 .084 29.5 a r-6 
O680........ 1918 Feb. 1 1626.689 .go2 28.0 a z.5 
yee Mar. 21 1674.691 .032 30.4 a 1.0 
9692.....%. Dec. 12 1940 .946 .939 25.6 a B.S 
POPES cca. ers Dec. 19 1947 .863 534 18.0 a ans 
1 ae Igtg Jan. 14 1973.730 . 760 19.5 a 1.0 
POOR... 0-5 Jan. 18 1977.757 . 106 27 4 a E.5 
CAS ss hss ors 1927 Jan. 18 4899 .679 .490 19.1 b 1.0 

CS 6090. «4.5 1928 Sept. 23 5513-940 aay 23.4 b 1.0 

eS re Oct. 28 5548.951 . 349 24.9 b 1.0 
i) | ee 1929 Dec. 14 5960 .853 787 15.1 b 1.0 

See. ae 1930 Jan. 8 5985 .816 934 32.1 b 1.0 
Ce re Feb. 11 6019 .676 847 18.7 b 1.0 

S Be ae Apr. 8 6075 .642 .662 §26 b 0.7 
OC. > ee Apr. 9 6076 . 633 .748 9.7 b 1.0 

os Cr ree Apr. 11 6078 .633 0.920 | —27.6 b 1.0 
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TABLE 1—Continued 


l i 


| 
| Bo | Disp. 








Plate Date Phase Wt. 





SY Aurigae 5'5™31°, +42°42’; 9.0-10.1 pg. 


Max.=JD 2419172.082+104144890E 


Elements and photographic light-curve by Robinson, Harvard Ann., go, 46, 58, 























1933. 
MEA, canes 1926 Dec. 14 | 2424864.859 0.147 | — 3.5 b 1.0 
ys a Dec. 19 4869.918 | 646 | +12.6 b 1.6 
ye 1927 Feb. 8 4920.785 660 | + 5.7 b 0.3 
OT) Sar Oct. 5 5159.938 | 234 | — 1.8 b 0.3 
BOARS oso 3 1928 Jan. 10 5256.738 | 776 | = 9.8 | 6 1.0 
ADDF. 5 ose Feb. 27 5304 .633 | 496 | + 8.0 b 1.0 
C7) Serer Nov. 21 5572.847 | .935 | —13.6 b 1.0 
ROO. 6. ox Nov. 22 5573-972 0.046 | —10.4 b 1.0 
YZ Aurigae 558™27', + 39°58’; 10.2-11.4 pg. 


Max.=JD 2420420.436+18 4193225 E 


Elements and photographic light-curve by Robinson, Harvard Ann., 


90, 460, 590, 

















1933- 
| | 
CS BOORin 6 osc 1928 Nov. 25 | 2425576.979 | 0.432 | —14.6 | b 0.3 
ee 1932 Sept. 13 6964.035 | 672; + 4.2] Cc 0.6 
VOTOSIO: cds Nov. 10 7022.90I | go8 | —13.1 b 1.0 
C6002 ....6.2 ss 1934 Dec. 15 7787.715 | 946 | —12.9 | c 0.6 
O626.0.0. 64 1935 Feb. 11 7845 .644 .130 | —49.1 | Cc 0.2 
eo: Oct. 9 8085.031 | .288 | —43.1 c 0.6 
POR LO sei 55 as Nov. 6 8113 .953 | 0.878 | —18.0 c 0.6 








AN Aurigae 


Max.=JD 2421633.59+10%2908E 


4552™43%, +40°41'; 11.3-12.3 pg. 


Elements by Oosterhoff, Harvard Bull., No. goo, 10, 1935. Photographic light-curve 
by Parenago, N.N.V.S., 4, 151, 1933- 





C 6165 
6199 





1932 Nov. 
1933 Jan. 
Oct. 
1934 Oct. 
Dec. 
1936 Sept. 


— me 
onus 


~ 


25 


gio 
607 
962 
894 
796 
955 


2427019 
7078 
7373 
7730. 
7786. 
8437. 








O.4I1 
.121 
.816 
. 500 
-933 

0.212 





+19 
— § 
3h 
+o. 
—% 


= 
oO 


Pee hs 





aanaAaAA 


0.6 
.6 
.6 


6 
0.6 
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TABLE 1—Continued 








| 
Plate Date JD Phase ¥ei. Disp | Wt 
; Km/Sec oe | : 





AO Aurigae 5541™14°, +31°59’; 10.9-12.6 pg. 
Max.=JD 2427193.08+6476300E 


Elements and photographic light-curve by Parenago, N.N.V.S., 4, 351, 1934. 





| | | 
| 
GC OOG08 ss: | 1934 Dec. 15 | 2427787.868 0.947 9 | 














| 
i=3 c | 04 
| Se | Dec. 17 7789 .804 . 234 | — 23.6 Cc | 4 
O086 555 | 1935 Mar. 17 7879.799 .540 | —I5.1 cri 2 
y 20847.. onl Oct. 21 8097 .035 662 | — 2.1 | c | 4 
SOB RSS 5 accion | 1936 Feb. 2 8201.754 .146 | —34.4 go 4 4 
y 20071...... Mar. 28 8256.741 .276| —25.8| c | 2 
21078.....:... Oct. 8 8450.007 853 | +94] c | 6 
BTOGOs 6.065% | Oct. 9 8451 .017 0.003 | —35.0| Cc | 0.6 

| 








RW Camelopardalis 3°46™11°, +58°21'; 9.0-9.9 pg. 
Max.=JD 2420876.579+16%411760E 


Elements and photographic light-curve by Robinson, Harvard Ann., go, 46, 58, 1933. 





Si GEG iies wists 1921 Feb. 18 | 2422739.674 0.522 | —19.5 b 0.7 
4: ae 1926 Sept. 21 4780.956 .goI 65 £ b O.7 
re, a ee Oct. 19 4808 .g15 605 | +10.6 b 1.0 
Ct ae Dec. 19 4869 .828 316 | —52.1 b 1.0 
5. ae 1927 Dec. «2 5217.759 .516 | —20.2 b 1.0 
Dy re 1928 Nov. 20 5571.917 .096 | —49.0 b 1.0 

7 17102.......| 1929 Nov. 20 5936.878 .334 | —42.5 b 1.0 
O99S0 «oc crac 1930 Sept. 3 6223 .008 768 | — 5.6 b 0:7 

AS BEGOR css Dec. 1 |+* 631%2.007 I9I | —49.7 b 1.0 
Ci Dec. 27 6338.847 826 | — 4.2 b 1.0 
BOOS «5.2.0 25 1931 Nov. 2 6648 .924 720 | + 8.0 b 0.7 
BOAR crsie-<te 1932 Jan. 16 6723 .698 0.276 | —34.4 b 0.7 























RX Camelopardalis 3'56™42°, +58°23'; 8.2-9.3 pg. 
Max.=JD 2420359.763+74911978E 


Elements and photographic light-curve by Robinson, Harvard Ann., go, 46, 58, 
1933. Plate C4556, although of good quality, has not been used in drawing the velocity- 

















curve. 
Oe sc eee 1926 Aug. 19 | 2424747.994 0.631 | —10.6 b 1.0 
CS Aug. 23 4751.008 .O12 44.2 b r.0 
a) ee Oct. 18 4807 .gg2 .214 47.1 b 1.0 
CO dra seks Oct. 19 4808 . 966 . 336 49.5 b 1.0 
BRED. 5 0-60 1927 Dec. 1 5216.870 893 Cy ae b ro 
BORG bo 35<'s 1928 Jan. 8 5254.739 .679 oy b 0.7 
| re Sept. 4 | 5494.016 922 30.2 b r.6 
eo: | Oct. 28 | 5548. 906 0.859 | —20.3 b 1.0 
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TABLE 1—Continued 



































Plate Date JD Phase Km/Sec | Disp. Wt. 
RX Camelopardalis—Continued 

BOOB: oc es 1928 Nov. 20 2425571.979 0.775 | — 9.0 b 1.0 
Cie hee eens 1929 Feb. 26 5669 . 663 . 122 42.9 b 1.0 

<O.: Dec. 9 5955-858 204 56.5 b 1.0 

Ce Dec. 10 5950.854 .420 50.9 b 1.0 

BAGS i. hc Dec. 11 5957-908 | 0.553 | —3I1.2 b 1.0 

) RW Canis Majoris 7°8™47*, — 18°34’; 10.6-11.4 vis. 


Max.=JD 2425234.31+5%7292E 


Elements by Oosterhoff, Harvard Bull., No. goo, 10, 1935. Visual light-curve by 
Florja, N.N.V.S., 4, No. 2, Tafel I, 1932. 




















| | 

C 6221.......| 1933 Mar. 3 | 2427135.706 | © 878 | +77.6| c 0.2 
bees... ios Nov. 25 7402.978 | 529 7 ey A) ay 4 
i?) | 1934 Nov. 14 | 7756.941 | 311 36.0 | Cc a 
ee Dec. 14 | 7786.936 | 547 57.5] c 2 

y 20838...... | 1935 Oct. 20 8096 .026 | 407 48.5 c 2 
Ones ot CO eee Dec. 7 8144.934 | .033 37.9 b 7 
y 20939.......| 1936 Mar. 3 8231.705 | 0.179 | +25.4 c 0.6 

| 











RY Canis Majoris 7"11™56°, — 11°18’; 7.6-8.6 vis. 
Max.=JD 2426718.86+44659E 
Elements and visual light-curve by Lause, A. N., 246, 297, 1932. 1.4 days have been 
added to the epoch given to reduce it to maximum. 




















i 
| | 
y 19400...... | 1933 Jan. 3 | 2427076.826 0.823 | +67.4 b ¥.0 
es Apr. 2 7165 .637 895 47.2 b 1.0 
19998 Oct. 29 7375-984 044 48.5 b 1.0 
(0388. .;.. | 1934 Mar. 20 7517.774 478 34.5 Cc 0.6 
Y 2OOTF 6 sass. | Dec. 18 7790.906 .102 12.9 re 0.6 
20685..........| 2035 . ts 7 7818. 786 .086 22.4 b 1.0 
20890.......| Dec. 8145.951 0.308 | +20.4 c 0.6 
| "| 
’ SS Canis Majoris 7"21™58*, — 25°4’; 9.9-10.7 vis. 


Max. JD 2424916.21+1243661 E 
Elements by Oosterhoff, Harvard Bull., No. goo, 10, 1935. Visual light-curve by 
Florja, N.N.V.S., 4, No. 2, Tafel I, 1932. 





VY EOS... 5. 1933 Jan. 7 | 2427080.852 0.046 | +57.4 c 0.6 

EQSO0s 2... Apr. I 7164.684 826 68.1 c = 
90360.....< +. 1934 Mar. 22 7519 .663 531 60.6 c :2 

ae Dec. 14 7786.858 .138 44.0 c 6 

ae 1936 Mar. 4 8232.684 O.191 | +53.2 c 0.4 
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Vel. 
Nate ate ) ‘.. ’ 
Plate Date JD Phase in Mee Disp. Wt. 





TV Canis Majoris 74™40°, — 13°37’; 10.8—-11.3 vis. 


Max.=JD 2426974.51-+4%6693 E 
Elements by Florja, Tashkent Circ., No. 15, 1933. No light-curve available. The 
period is uncertain. 





AG POBOR So ce 1933 Feb. 4 | 2427108.705 0.740 | +47.6 c 0.2 
VUGOEOO..... 6. 3. Dec. 27 7434.833 585 51.0 b 2 
C300. <5... 1934 Apr. 20 7548.642 -959 13.3 Cc 6 
of oe Dec. 17 7789 .009 .437 50.4 c 2 
+ 90603 -.... 62: 1935 Nov. 8 8115 .021 $287 46.8 c 6 
BO800 ... 6.5: 1936 Jan. 6 8174.837 .068 226 c 4 
BOON Foose Mar. 4 8232.726 0.466 | +37.7 c 0.4 























TW Canis Majoris 7"17™27°, —14°7’; 9.4-9.9 Vis. 
Max.=JD 2426985.08+6%994 E 


Elements by Florja, Tashkent Circ., No. 15, 1933. No light-curve available. 

















ae et > 1933 Jan. 7 | 2427080.781 0.683 | +83.7 b 0.7 
oy. ae 1934 Apr. 22 7550.654 .866 6.7 Cc 6 
¥ 20078......... Dec. 18 7790.955 .224 64.5 c 6 
20080... 1935 Jan. 15 7818. 882 .217 60.4 c 6 
BOIS. oss. Apr. 21 7914.646 .gO9 a4 o8 Cc 6 
20864........ Nov. 8 » 8115.052 . 563 83.5 € 6 
BOOS os es 1936 Mar. 2 8230.717 0.101 | +45.8 c 0.6 
| 











RS Cassiopeiae 2332368, +61°52'; 11.0-12.2 pg. 


Max.=JD 2419617.580+6 42955890 E 


Elements and photographic light-curve by Robinson, Harvard Ann., go, 50, 57, 








1933. 
Osa | 2 ee 1927 Oct. 7 | 2425161.818 0.654 | —15.4 b 0:3 
re. re 1928 Jan. 10 5250.646 717 18.9 b 0.3 
PY Sept. 3 5493 .830 392 13.9 b 0.3 
SERB... oc4 as 1929 Oct. 14 5899 . 802 .877 1S b r.O 
oe 1931 Sept. 21 6606 . 882 .190 32.4 b 1.0 
5849...... Sept. 23 6608 . 738 485 22.8 b 0.7 
6084....... 1932 July 24 6913-914 .g60 42.1 c 0.4 
eS ee Aug. 23 6943 . 880 .720 9.4 b 1.0 
YEOIES a0. 52 Sept. 13 6964. 788 0.040 | —47.6 b 1.0 
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Plate Date | JD | Phase Bi Disp. Wt. 


| 








RW Cassiopeiae 1°3043°, +57°15’; 9.5-10.7 pg. 


Max.=JD 2419651.941+144800676E 


Elements and photographic light-curve by Robinson, Harvard Ann., go, 46, 58, 1933. 





C 4166 


y 19121 
C 6183 





1927 Jan. 13 

Sept. 4 
1928 Sept. 27 
1929 Dec. 9 
1931 Dec. 17 
1932 Sept. 14 
1933 Jan. 3 





24248094 
5128 
5517 
5955 
6693 
6965 
7070. 


752 


.OOI 


O17 
712 
833 
008 
684 





0.228 
987 
332 

.OII 
782 
104 

0.649 





—83 
66. 
59. 
68 
42. 
97 

—50 


ASP NNW 


Nw 








MH OOH HH 
oOoOwnN Oo 00 





RY Cassiopeiae 


23547™10°, +58°11'; 9.3-10.5 vis. 


Max.=JD 2424502.724+12413819E 


























Elements and visual light-curve by Brun, Bull. de V’association francaise d’obs. 

@’étoiles var., 1, 121, 1932. 

| 

Oa; eee 1927 Oct. 9 | 2425163.882 0.469 | —56.4 b 0.3 
BAOSS 565s Oct. 11 5165 .792 .627 49.8 b 1.0 
BOG 0:55:00 1928 Jan. 8 5254.659 948 88.0 b 1.0 
MORI oe ar Sept. 28 5518. 869 715 54.7 b 0.7 
BOAR « o) 2% 1930 Sept. 3 6223 .927 801 745% b 0.7 
Lc: ee Sept. 5 6225.988 .970 82.2 b 0.3 
COE eee Sept. 19 6239 .933 119 90.5 b 0.7 
Coy a aeeeeree Oct. 6 6256.792 508 47.3 c 0.6 
SS. Se Oct. 30 6280. 861 0.491 | —62.2 b 0.3 

SW Cassiopeiae 23"2™54°, +58°1'; 9.6-10.3 pg. 
Max.=JD 2419403.033+5 4441022 E 
Elements and photographic light-curve by Robinson, Harvard Ann., go, 50, 57, 1933. 





C 4523 


<= 
\o 
is) 


Cy . 
Oo 
° 
co 





Nov. 4 
Sept. 2_ 
Sept. 23 
Nov. 2 
Oct. 31 
Nov. 1 
June 23 
Aug. 20 
Aug. 23 
Oct. 11 
Nov. 8 


1927 
1928 


1930 
Ig3I 


1932 





2425189. 
5492 
5513 
6283. 
6646 
6647 
6882 
6940 
6943. 
6992. 
7020. 


742 
928 
861 
642 
767 


.694 
.99gO 


942 
000 
740 
674 





0.533 
. 256 
IOI 
580 
.318 
.489 
-734 
. 384 
. 763 
.9O4 

0.038 





=o 
30.1 
47.2 
24.9 
37:2 
36.5 
26.8 
49-5 
20.0 
48.6 


—54.0 


b 


b 








See ee Om ee Om He 
CO000ND0NW00 
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Nl 
Vel | 
el. ° , 
Plate Date JD Phase Km/Sec Disp. Wt. 
SY Cassiopeiae o"9™51°, +57°52’; 9.3-10.1 pg. 
Max.=JD 2419336.475+41070978 E 
Elements and photographic light-curve by Robinson, Harvard Ann., 90, 46, 56, 1933. 
Ge 1927 Oct. 7 | 2425161.947 0.976 | —57.6 b 1.0 
a? ee Nov. 2 5187 .828 333 47.6 b 1.0 
ett 1928 Jan. 9 5255-673 .999 60.0 b 1.0 
ae. 2. .-2/2e 1929 Aug. 20 5844.957 75% 27.0 b 0.3 
a 1931 Aug. 26 6580.955 543 FI.2 c 0.6 
GODT. .4 ««. 1932 July 25 6914.983 .594 23.7 b 0.7 
BAt ..<. 1 ks 1933 Sept. 30 7340.706 .643 aE .3 c 0.6 
6038... 1936 July 28 8378 .993 0.215 | —59.8 c 0.4 























SZ Cassiopeiae 2"19™55°, +509°1'; 10.6-11.0 pg. 


Max.=JD 2420718.724+13 1601666 E 


Elements and photographic light-curve by Robinson, Harvard Ann., go, 46, 58, 1933. 








eee Senerne 1926 Dec. 15 | 2424865.785 0.894 | —49.9 b 1.0 
MRO Rs tacit 1927 Sept. 5 5129.999 319 40.3 b 0.3 
G2... ss. a< Oct. 10 5164.830 .880 49.6 b 0:7 
PO eee 1928 Sept. 3 5493 .972 .078 42.07 b 1.0 
BNO. i 5501s Nov. 25 5576.833 .160 43.6 b 1.0 
ee 1929 Sept. 18 5873.992 .O17 35.6 b o.3 
ERO. x ies 2 1930 Sept. 4 6224.010 Osx 39.8 b a7 

ee Dec. 4 6315 .662 .489 37.8 b 0.3 

G8. ok 1932 Jan. 17 6724.677 .550 24.3 c 0.2 

See) ae Aug. 22 6942 .934 .606 32°58 b 1.0 
ok ee 1933 Sept. 1 7317 .000 .108 46.0 c 0.6 
Bata ce ies Sept. 29 7345 -.Q15 234 56.0 Cc 0.6 
ee ee Oct... 27 7373 .889 0.290 | —59.3 b 1.0 




















UZ Cassiopeiae 156™18*, +60°41'; 11.4-12.1 pg. 


Max.=JD 2422687.42+4125968E 
Elements by Oosterhoff, Harvard Bull., No. goo, 10, 1935. Photographic light- 





curve by Lehmann-Balanowsky, Pulkowa Obs. Circ., No. 2, 21, 1932. 

SC MOEBO 66:65: %. 1932 Oct. 10 | 2426991.795 0.495 | —45.2 c 0.6 

¥ BORG6. 64.05. Nov. 10 7022.727 .754 263 b a 

SS PORNO ois bccn 1933 Aug. 31 7316.000 .603 20.1 Cc 4 
6416......6: Sept. 30 7346.812 .836 44.3 c 4 
a. Re Oct. 28 7374.704 398 46.2 Cc 6 
SS See Dec. 26 7433.722 . 239 61.6 Cc 6 
a ee 1934 Aug. 22 7072.000 “77 59.5 c 6 

 GOBSB . 5. 50: 1935 Nov. 6 8113 .899 0.917 | —72.9 c 0.6 
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VV Cassiopeiae 1544™17°, +59°23'; 10.5-11.5 pg. 
Max. =JD 2422514.159+64207747E 
Elements and photographic light-curve by Robinson, Harvard Ann., go, 46, 57, 
1933- 








GOGO e535 1930 Dec. 30 | 2426341.740 | 0.581 | —51.0 c O.4 
(1. re 1931 Aug. 25 6579.929 | g51 Ar] Cc 6 
BOER israsvo Aug. 27 6581 .006 .124 62.3 Cc 4 

VY FORGO eis + 1932 Oct. 11 6992.859 469 48.9 b of 

IO9065.....5. 1933 Oct. 1 7347-941 .669 47.4 c 6 
MOA 6 6 Sieh 1935 Oct. 20 8096 . 894 mY, 62.1 c 6 
ZOSGGs 6 6 60 5:2 Dec. 8 8145 .733 185 61.3 Cc 4 

Ce OBR ne 1936 Jan. 3 8171 .625 @.356:| —0%.1 c 0.6 




















VW Cassiopeiae o"59™35%, +61°14’; 10.5-11.7 pg. 
Max.=JD 2420751.32+5 199386 E 


Elements by Oosterhoff, Harvard Bull., No. goo, 10, 1935. Photographic light- 
curve by Lehmann-Balanowsky, Pulkowa Obs. Circ., No. 2, 20, 1932. 








YG ee 1932 Aug. 21 | 2426941 .985 0.834 | —42.0 b 1.0 
2) | re Sept. 9 6960. 969 .002 60.6 Cc 0.6 
fh EOET Os os c°si0 Sept. 13 6964. 889 .656 40.7 b O.7 
C 06317.......:.| 1033 Sept. 30 7346 .892 388 62.5 c 0.6 
iC: ae Oct. 28 7374.8607 .055 70.9 b 0.6 
C706. 60s. 1935 Aug. 9 8024 .002 355 74.7 c 0.6 
PORTE 6 oss ses Oct. 8 8084.970 947 41.3 c 0.4 
BOQAG «cc's 1936 Mar. 4 8232.642 0.164 | —86.0 c 0.4 




















XY Cassiopeiae 0°44™7°, +59°34’; 10.2-10.8 pg. 
Max.=JD 2419403.784+44501880E . 
Elements and photographic light-curve by Robinson, Harvard Ann., 90, 46, 57, 
1933- 





C 4938 ..| 1928 Aug. 23 | 2425482.868 0.343 | —26.8 b 0.7 
5812 .| 1931 Aug. 24 6578.938 .813 42.3 c 0.6 
6130........]| 1932Sept. 11 6962 .963 116 52.6 b 1.0 

Y 19196 Oct. 12 6993 . 819 970 55.6 b 1.0 

Gere Nov. 6 7018.748 508 32.9 c 0.6 
6315.......] 1933 Sept. 30 7346.743 . 365 42.3 c 0.6 
6532.......| 19360 Jam 3 8171 .743 o.632 | —31-9 Cc 0.4 
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AP Cassiopeiae 0! 27™36%, +62°21'; 12.0-13.1 pg. 
Max.=JD 2426289.53+648465E 
Elements by Oosterhoff, Harvard Bull., No. goo, 10, 1935. No light-curve available. 








ae eee 1932 July 23 | 2426912.954 0.057 | —5I.1 c 0.6 
6100... «3. Aug. 22 6942 .855 425 42.4 Cc 6 
3 ee Sept. 12 6963 .875 .495 42.2 Cc 6 
G270: 5555-25 1933 Sept. 28 7344 .834 138 o2.7 c 6 
MASK. cress 1034 Sept. 17 7698 .965 862 45-3 fe 6 
GOGO: 2.4 «.\. 1935 Jan. 12 7815 .663 .QO7 43-9 ce 6 
ae Aug. 7 8022.976 .187 51.0 c 6 
GAGS. « c.+s 1936 Sept. 10 8422 .986 0.613 | —36.7 Cc 0.6 




















BY Cassiopeiae 1°40™15%, +60°55’; 11.1-I1.5 pg. 
Max.=JD 2426933.30+3 4241 E 


Elements by Lange, Leningrad Univ. Astr. Obs. Bull., No. 
visual curve seems uncertain and has been omitted. 


2, 10, 1933. Lange’s 





CS PR oss xa ee 1934 Aug. 21 | 2427671.943 0.906 | —67.3 c 0.6 
oe eS Sept. 17 7698 . 861 .211 49.2 c 4 
DEAL, oso Sept. 20 7701 . 783 ens ee c 4 

Y 20824. .....% 1935 Oct. 9g 8085 .g10 .634 Ce Be c 6 

BOGBIO so 5066.3 1936 Feb. 4 8203 .615 .952 62.4 c 4 

MBBS ican Feb. 28 8227 .646 0.366 | —30.0 c 0:9 























CG Cassiopeiae 23"55™54°, +60°25’; 12.2-13.3 pg. 
Max. = jD 2426945.11+41363E 
Elements and visual light-curve by Lange, Leningrad Univ. Astr.Obs. Bull., No. 2, 9, 1933. 











1934 Aug. 20 
Aug. 22 
Oct. 19 
1935 Aug. 8 
Oct. 8 
Nov. 6 


2427670 
7072 


7739. 
951 


8023 
8084 


8113. 


979 


.892 


819 


844 
826 





0. 369 
.808 
.084 
.270 
2497 

0.870 





— 88.1 
67.6 
105.7 
96.6 
TEI.2 


—= 67.3 





0.6 
4 
.6 
6 
6 


0.4 


aaanae 








46.1932 Cassiopeiae 23"52™13°, +62°9’; 10.5-11.5 pg. 
Max.=JD 2427346.96+9%79E 


Period by Stuker, A.N., 246, 407, 1932. The epoch is arbitrarily chosen so as to 
make the phase of plate C 6318 zero. No light-curve is available. 





1932 Sept. 21 
Oct. 12 


1933 Sept. 30 


2426972.751 
6993. 


797 


7346 .963 


0.776 
-917 
©.000 


—~64.1 
91.0 
“-O1.1 


io) 
~~ & O 
oOo 
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Plate Date JD Phase bg Dis Wt 
Km/Sec P- . 
46.1932 Cassiopeiae—Continued 
iS Of442 5.3555 1933 Nov. 25 | 2427402.757 0.700 | —65.0 b 1.0 
CART cies 1934 July 23 7642 .989 . 238 92.2 Cc 0.6 
CCE ne Sept. 19 7700 .933 .156 82.2 b 1.0 
Y 20005. 6c su: Oct. 20 7731.740 . 303 69.2 c 0.6 
FOB AR. < cc. 1935 Oct. 20 8096 . 783 0.590 | —57.1 c 0.6 
5 Cephei 22'25™27%, +57°54’; 3.9-4.6 pg. 
Max.=JD 2393659.873+5 1366396 E—0 484 X 107 8E? 
Elements by Prager, Kleinere Veriff. Berlin-Babelsberg, No. 15, 138, 1936. 


The velocity-curve is plotted according to Prager’s elements from Jacobsen’s ob- 
servations made with the three-prism spectrograph of the Lick Observatory, Lick 
Obs. Bull., No. 12, 145, 1926. Photographic light-curve by Robinson, Harvard Ann., 
90, 57, 1933. Observations of this well-known star were carried out as a test of the useful- 
ness of low dispersion in determining radial velocity-curves of Cepheid variables. 





























Y BFIOO. odes 1929 Nov. 20 | 2425936.681 0.672 | — 5.1 b 1.0 
Ree RCM ee 1930 Sept. 22 6242.754 .708 | — 2.5 b 1.0 
a Co Oct. 5 6255-799 .139 | —37.5 b 1.0 
CC  Sr66. 6.055. Oct. 6 6256.729 .312 | —16.1 b 1.0 
RE ge ice Oct. 7 6257 .808 533 | —T4:5 b 1.0 
A eR Oct. 30 6280. 700 779 | + 5.3 b 0.7 
a Nov. 1 6282.621 .137 | —28.6 b ¥.0 
S616... 6a:i Nov. 29 6310.708 .371 | —15.6 b 1.0 
Cory ae Nov. 30 6311.740 .564 | —13.8 b 1.0 
CC), ee Dec. 1 6312.607 725 | +0.4 b 1.0 
ROSE Sess Dec. 28 6339.614 758 | + 7.9 b 1.0 
oo eres Dec. 29 6340.610 043 | —22.7 b 1.6 
GOGH oooss ssi. Dec. 30 6341 .607 0.129 | —27.9 b 1.0 
SZ Cygni 20"29™38*, +46°16'; 9.7-1I1.0 pg. 
Max.=JD 2426399.219+15 4111056E 
Elements by Florja and Parenago, N.N.V.S., 4, 320, 1934. Photographic light- 
curve by Henroteau, Dom. Obs. Pub., 9, 69, 1925. 
iS (290F....< 6. 1924 May 20 | 2423926.971 0.3905 | — 8.6 b 0.4 
3603.......| 1926 June 25 4692.981 .087 34.6 b 0.4 
y 10752... ..% 1929 Aug. 13 5837.910 .854 3 b 0.4 
ly are 1930 July 10 6168.915 759 3.8 b 0.4 
2) Aug. 8 6197 .887 .676 1§.2 b 6.7 
a 1931 Aug. 25 6579.747 .947 4:6 b 1.0 
7 ae Aug. 26 6580. 888 .022 33.8 b 1.0 
Co Oct. 31 6646 . 667 0.375 | —21.4 b ro 
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TX Cygni 20556™268, +42°12'; 10.5-12.4 pg. 


Max.=JD 2422290.941+14470791 E+0 4000001 38F:? 


Elements by Florja and Parenago, NV.N.V.S., 4, 323, 1934. Photographic light- 


curve by Koolikovsky, ibid., 4, 86, 1932. 





C 4396 1927 Sept. 4 | 2425128.882 0.950 | —30.3 b 1.0 
4444 Oct. 7 5161.649 .178 ao).2 b OF 
4517 Nov. 3 5188 .647 O13 36.4 b 1.0 
5328 1929 Sept. 20 5875 .833 734 8.7 b 0.3 
5513 1930 Aug. II 6200 .844 830 6.0 b 0.7 
6341 1933 Nov. 25 7402.646 537 sce b O27 
6929. . 1936 July 10 8360.934 0.676 | — 1.4 c 0.2 























VX Cygni 20" 


53™34°, +39°48’; 10.1-10.8 pg. 


Max.=JD 2420369.820+ 204132467 E 


Elements and photographic light-curve by Robinson, Harvard Ann., go, 50, 59, 1933. 























C 4368 ; | 1927 July 16 | 2425078.949 0.907 | — 8.7 b 6:3 
4936 | 1928 Aug. 5 5404 .935 .080 | —45.1 b 1.0 
6160 | 1932 Nov. 7 7019.032 - 303 —Al ss c 0.0 
6266 | 1933 July 1 7255.972 .042 | —40.1 c 0.6 

y 19718 a July 4] 7258.977 ~192 | = 50.0 c 0.6 
19913 : Oct. 3 7349 .635 .694 | +14.0 Cc 0.4 
20004 oa 1934 Oct. 20 | 7731 .653 .67 + 7.8 c 0.6 
20636 Nov. 14 |] + 7756.670 .g12 | —14.8 b 1.0 
20793 1935 July 11 | 7995-917 796 | + 4.1 Cc 0.6 
21005 1936 May 1 | 8290 .993 0.453 | —10.6 Cc 0.4 

VY Cygni 2150™27', +39°34’; 10.1-11.3 pg. 
Max.=JD 2423497.144+7 1856956E 
Elements and photographic light-curve by Parenago, V.N.V.S., 4, 407, 1935. 
| 

C 4445 1927 Oct. 7 | 2425161.721 0.860 | + 4.1 b 1.0 
4513 Nov. 2 5187.698 .166 | —20.8 b 1.0 
4990 1928 Sept. 27 S$17 .723 .171 | —18.9 b 1,0 

y 17570 1930 July 9 6167 .978 .932 | —15.4 b O27 
17637 Aug. 9 6198 .922 .871 | — 2.0 b C7 

C 5511 Aug. Io 6199 .922 .998 | —26.2 b 1.0 
5816 1931 Aug. 25 6579.840 352°) 14.3 b Eo 
6051 1932 June 21 6880.962 .678 | — 5.5 b tO 
6957 1936 Sept. 8 8420.644 .613 | + 9.5 c 0.6 
6961 Sept. 9 8421 .826 0.764 | + 3.3 Cc 0.6 
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VZ Cygni 21°47™41°, +42°40'; 9.0-9.9 pg. 


Max.=JD 2420642.129+4 4864691 E 





















































Elements and photographic light-curve by Robinson, Harvard Ann., 90, 50, 57, 

1933. 

C 1760 1922 July 2 | 2423238.890 0.798 | — 6.1 a 0.5 
3372 1925 July 4 4336 .934 515 | —10.9 b 1.0 
4388 1927 Sept. 3 5127.744 .076 | —32.8 b 1.0 
5233 1929 June 24 5787-971 704 | + 1.4 b 1.0 

y 16699 July 13 5806 .938 693 | — 2.1 b 1.0 
16704 July 14 5807.946 goo | —23.8 b 1.0 

© -§3a7 Sept. 16 5871.706 0.026 | —26.5 b 1.0 

BZ Cygni 20'42™34%, +44°56'; 11.2-12.0 pg. 
Max.=JD 2426674.10+ 1091416 E 
Elements by Beyer and photographic light-curve by Plaut, A.N., 252, 99, 1934. 

C 65665: s..: 1934 Aug. 21 | 2427671.821 0.379 | —17.3 c 0.6 
oy ee Sept. 18 7699 .819 .140 | —32.7 c 6 
6601 Dec. 15 7787 .663 802 | —10.9 c 4 
6762 1935 July 10 7994.990 245 | —31.8 c 4 
6785 Aug. 7 8022. 899 997 | —48.1 c 6 

Y -PIOK2 o.oo 1936 Aug. 2 8383 .875 590 | + 3.6 c 6 

C1GG68 6 6s: Sept. 25 8437 .833 O.gII | —19.5 c 0.6 

CD Cygni 20%0™378, +33°50’; 9.0-10.5 pg. 
Max.=JD 2421501.035 +17 1071343 E 
Elements and photographic light-curve by Robinson, Harvard Ann., go, 49, 58, 

1933. 

Sa, 0) te 1926 Aug. 16 | 2424744.874 0.017 | —22.7 b 1.0 
AOC 6s se Sept. 25_ 4784.727 351 | —24.4 b 0.3 
4401 1927 Sept. 5 5129.844 567 | — 6.7 b O.7 
4857 1928 June 25 5423.941 795 | +22.4 b 0.3 
4989 sept. 27 5517.649 284 | —23.8 b 1.0 
SOREN. bss 1929 July 24 5817.8409 869 | + 4.0 b 1.0 
7 ae 1930 July 7 6165.974 261 | —25.6 b 1.0 

y 17728 Sept. 2 6222.826 592 | + 3-7 b 0.7 

a ee Sept. 3 6223.819 650 | + 8.1 b 0.7 
CEO sss Oct. 31 6281 .651 037 | —31.6 b 1.0 
5790 1931 July 8 6531.969 700 | +24.2 b 1.0 

67 Oct. 25 6640. 700 0.070 | —47. b 0.7 
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MW Cygni 20"8™278, +32°35’; 10-11 pg. 


Max.=JD 2425173.40+5%9550E 


Elements by Oosterhoff, Harvard Bull., No. goo, 10, 1935. No light-curve in magni- 
tudes available. 





























GRO R  s:5 2658 1933 July 1 | 2427255.903 0.707 | — 5.1 c 0.4 
Fy MATES 0,3 a: <8 jay 3 7257 .920 .045 | —16.9 b 1.0 
OO ee July 31 7285 .938 .750| — 0.4 b 0.3 
oy ae Aug. 30 o2re /625 ee ee ee er c 0.6 
Y ROOTES. 26. Oct, 3 7349.735 463 | — 6.1 b 0.7 
Co MGAGG:..<. eax 1934 July 21 7040 .870 .353 | —23.9 c 0.4 
CES. oss July 24 7643.910 .863 | —12.7 b t0 
9 A. 5 ee 1935 Dec. 8 8145 .630 0.115 | —25.8 c 0.2 
MZ Cygni 21°17™538, +37°2’; 10.8-12.2 vis. 
Max.=JD 2427642.124+2141655E 
Elements and visual light-curve by Beyer, A.N., 258, 285, 1936. 
68S. ee 1933 May 31 | 2427224.979 0.291 | —70.1 c 0.4 
ce) Aug. 31 7316.861 .632 43-4 c a 
Y E0000... .... Oct. 2 7348 .765 .140 60.5 c 6 
Re RES oe oa Oct. 27 7493.. 754 .320 82.3 c 6 
ge) 1935 Oct. 19 8095 . 738 432 64.0 c 6 
BORSOS ie oe 0s Nov. 6 8113.739 282 83.8 c 4 
MS OCA B occa: Dec. 7 | * 8144.691 745 24.3 c 2 
ier ta 1936 July 1 8351 .847 me: 47.8 c 2 
Ot: ee July 28 8378 .887 810 24.3 c 2 
00905606585 ct. 24 8400.77 0.962 | —44.3 c 0.6 























RZ Geminorum 5"56™35°, +22°14’; 10.0-I1.1 pg. 


Max.=JD 2420409.203+5 4530209F 








Elements and photographic light-curve by Robinson, Harvard Ann., go, 46, 57, 

1933- 

CS RAMA Se oe xs 1927 Oct. 8 | 2425162.017 0.428 | +13.3 b 0.7 
Pt | re Nov. 2 5187.948 116 | —11.7 b 0.7 
BORO. 5.0% 6% 1930 Nov. 30 6311 .029 198 | + 4.3 b 1.0 
ee 1932 Jan. 16 6723 .819 .840 | +11.0 b oF 
6621.......| 1935 Feb. ro 7844.701 .§24)} + 7.8 c 0.4 

fie. Oct. 19 8095 .977 g61 | — 6.4 c 0.6 

ot Nov. 5 8112.892 .020 | + 0.2 c 0.6 
OR ors aos. sca 1936 Jan. 9g 8177.737 0.745 | + 9.8 c 0.4 
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Plate Date JD Phase Km/Sec Disp. Wt. 











AA Geminorum 6%0™ 21°, + 26°20’; 10.2-I1.0 pg. 
Max.=JD 2420726.34+11 430111 


Elements and photographic light-curve by Kukarkin, V.N.V.S., 3, 29, 1930. 





























Ce GUIs ca 1932 Nov. 8 | 2427020.988 0.994 | + 8.4 Cc 0.6 
a 7 re Nov. 11 7023 .860 .248 | + 6.5 b 1.0 
CO OBO coz. 1934 Jan. 23 74601 .632 .985 | — 0.7 Cc 0.4 
6628.......} 1935 Mar. 16 7878.765 .896 | — 1.7 c 0.6 
+ 20882. 6.6. Nov. 5 8112.934 617 | +20.2 Cc 0.6 
40096. oe 1936 Feb. 5 8204.752 741 | +22.0 Cc 0.6 
20040: ....... Mar. 3 8231.774 0.132 | — 7.4 Cc 0.6 
AD Geminorum 6537™9*, +21°3'; 9.5-10.3 pg. 
Max.=JD 2420410.450+31787928E 
Elements and photographic light-curve by Kukarkin, V.N.V.S., 3, 29, 1930. 
Y FO200.....a.: 1932 Oct. 13 | 2426994.029 0.042 | — 1.2 b 1.0 
CS Babee es ios 1933 Jan. 5 7078.712 398 | +35.5 c 0.4 
BOMB 6 6 68 eo Apr. 3 7166.712 630 | +68.8 b 0.3 
C 6361.......| 1934 Jan. 22 74600 .920 300 | +38.0 b 1.0 
O364..«. Jan. 23 7401 .674 499 | +46.2 € 0.6 
VY GOOF i. 5055s Oct. 20 7731 .Q13 841 | +50.8 c 0.6 
cage (Ree Dec. 17 7789 .740 .107 | + 3.5 c 0.6 
YY ROGGE, . 6.05 us 1935 Jan. 15 7818 .688 0.749 | +51.2 c 0.6 























AP Herculis 18'45™57°, +15°40’; 10.5-11.2 vis. 


Max.=JD 2425394.94+10%422E 





Elements and visual light-curve by Beyer, A.N., 252, 176, 1934; 226, 324, 1926. 
aaa. 2 rr 1931 Aug. 24 | 2426578.736 0.586 | —29.8 c 0.4 
OIG. cc 1932 Aug. 24 6944.792 .710 19.0 Cc 4 
GIAG es Oct. 8 6989 .649 .O14 19.1 Cc 6 
6239.......| 1933 Apr. 5 7168.955 .218 41.7 c 6 
6246......<: May 15 7208 .844 .046 24.8 c 6 
6383.......| 1934 Mar. 21 7518.000 .709 32.9 c 6 
O4AD. 6.3.00 June 21 7610. 708 605 24.9 c 4 
6952 1936 Aug. 28 8409 .781 My 54-5 Cc 6 
eae cl. Oct. 7 8449 .635 101 22.9 4 
21082.... Nov. 5 8478 .642 0.884 | —II.9 c 0.6 
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Plate Date JD Phase Disp. Wt. 





BB Herculis 18"41™16°, +12°14’; 9.6-10.6 pg. 
Max.=JD 2426244.300+71950712E 


Elements and photographic light-curve by Parenago, V.V.V.S., 4, 307, 1934. 




















Y BQEPF. 5: a8 | 1932 Sept. 13 | 2426964.726 0.966 |+ 82.4 b 1.0 
a Oct. 11 6992 .684 690 99.8 b 0.3 
TOTO? «isis Oct. 12 6993 . 660 .820 99.2 b 6.3 

C 6248......; «| 3933 lay is 7208 .979 502 92.5 b 1.0 
ae July 1 7255.670 72 104.7 c 0.6 

ey. oe July 4 7258.759 .133 83.8 b 1.0 
HOOD 6:5 sons, | Sept. 2 7318. 781 .128 81.3 b 1.0 
TOOOS 5.05 «5% | Oct. 3 7347.727 0.984 | +81.9 b 1.0 





BL Herculis 17'56™38*, +19°16'; 10.1-11.1 pg. 
Max.=JD 2426503.16+4 420345 E 
Elements and photographic light-curve by Parenago, NV. N.V.S., 4, 309, 1934. Both 
light- and velocity-curves are peculiar. 




















C 6049. | 1932 June 21 | 2426880.830 0.848 | +21.5 c 0.4 
6127. | Sept. 11 6962 .674 318 5.6 b 1.0 

y 19185.. Oct. 11 6992 .627 .444 eas b 0.7 
IgIQg2... | Oct: 72 6993 .617 .680 25.5 b 1.0 
19526. | 1933 Mar. 6 7138.010 .O3I 14.3 b ro 
19570. | Apr. 2 7105 .903 688 35.6 b 0.7 

C 6260 June 30 7254.706 .793 16.9 b r.O 
6267. | July 2] ° 7256.663 .258 1 ae Cc 0.2 
6433. | 1934 May 24 7582.812 .849 Ig.1 b | 0.3 
6438. . June 20 7609 .694 .244 8.7 b | 0.7 
6e63.......] July 21 7640.684 .617 26.6 c 0.4 

y 20744... | 1935 Apr. 21 7914.001 .639 28.5 c 0.4 
C 6697. | June 11 7965 .708 .964 14.3 b 1.0 
6844. | 1936 Feb. 28 8227 .031 . 109 8.6 b 1.0 

y 20951... | Mar. 4 8232.972 522 Ig.1 c 0.4 
C :60t. May 2 8291 .994 0.563 | +14.6 b 0:4 

| 





V Lacertae 22'44™33°, +55°48’; 8.7-0.9 pg. 
Max.=JD 2418031.919+41983443 E 


Elements and photographic light-curve by Robinson, Harvard Ann., go, 50, 57, 











1933. 

C 4128. 1926 Dec. 14 | 2424864 .672 0.091 | —22.7 b 1.0 
4409. | 1927 Oct. 28 5182.722 .gI2| + 1.3 b 1.0 
4980. | 1928 Sept. 24 5514.778 0.544 | —22.8 | b r.0 
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Vel. 

»1- 2 ¢ hac ic J 

Plate Date JD Phase ci Mae Disp. Wt. 
V Lacertae—Continued 

C 40997. | 1928 Sept. 28 | 2425518.798 0.351 | —24.0 b 1.0 
y 16257 - Oct. 28 5548.7909 .371 | —31.9 b 1.0 
CC Sack... | 1929 July 23 5816.931 .175 | —45.6 b 1.0 
5287 Aug. 21 5845 .997 .008 | —17.1 b 1.0 
y 17636. | 1930 Aug. 9 6198.817 .806 | — 5.2 b ELO 
Seta. | Aug. II 6200.972 0.240 | —36.4 b 1.0 




















X Lacertae 22'44™58*, +55°54’; 8.8-0.4 pg. 


Max.=JD 24188090.652+5 1443996E 





Elements and photographic light-curve by Robinson, Harvard Ann., go, 50, 57, 

1933. 

C 3046. | 1926 Aug. 15 | 2424743.954 0.185 | —37.5 b 1.0 
4036. | Sept. 21 4780.872 .966 30.7 b 1.0 
4040. . Sept. 25 4784.813 .690 16.8 b 1.0 
4051. | Oct. 109 4808 . 767 .0gO 42.6 b 1.0 
4333... Dec. 15 4865 .699 .548 17.6 b 1.0 
4147. Dec. 19 4869 . 660 .276 30.6 b 1.0 
4372. 1927 July 17 5°79.977 .9o08 30.2 b 1.0 
ASS3i.:: Nov. 30 §215.778 .853 16.2 b 0.3 
4555. Dec. 1 5216.750 032 32.5 b 1.0 
4562... Dec. 5 5220.654 0.749 | —16.7 b 1.0 























Y Lacertae 22"5™13°, +50°33’; 8.3-8.8 pg. 


Max.=JD 2418424.295+49323844E 





Elements and photographic light-curve by Robinson, Harvard Ann., go, 50, 56, 

1933. 

C 4300... | 1927 Sept. 3 | 2425127.876 0.375 | —22.3 b 1.0 
4307. <... | Sept. 4 5128.978 .630 | —10.1 b 1.0 
4925. ..| 1928 July 29 5457 .882 .698 | + 5.3 b 1.0 
5278... | 1929 Aug. 19 5843 . 840 .g60 | —20.8 b 1.0 
S364... . | Dec. 10 59560 .660 .053 | —37-4 b 1.0 

y 17638.. ..| 1930 Aug. 9 6198 .994 .099 | —29.1 b 1.0 

GS 6eee.... 2. Sept. 22 6242.788 .227 | —30.0 c 0.6 
schy..... | Oct. 30 6280.750 .007 | —50.0 b 1.0 

‘+. 39088..... Dec. 3 6314.690 .856 | —11.8 b 1.0 

C Gass... 355. 1932 June 21 6880. 885 0.804 | — 4.6 b 1.0 

| 
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Z Lacertae 22'36™55°, +56°18’; 8.4-9.8 pg. 
Max.=JD 2418475.781+109885569 E 
Elements and photographic light-curve by Robinson, Harvard Ann., go, 50, 58, 1933. 











eo 1921 Aug. 16 | 2422918.874 0.163 | —38.7 a ris 
5994... 55. Sept. 8 2041. 762 .266 | —40.0 b 1.0 
ct re Sept. 12 2945 .925 .649 | — 2.8 a 1.0 
Ck ee 1925 Sept. 23 4417.726 .855 | —22.9 b 1.0 
4052.... 1926 Oct. 19 4808 . 835 .784 | —13.2 b ro 
eS eee 1927 Oct. 29 5183. 768 .228 | —33.7 b 1.0 
4926... 1928 July 29 5457-939 .414 | —19.7 b 1.0 
52209.. .| 1929 June 23 5786.964 .640 | — 9.9 b 1.0 
vy 16828..... ; Aug. I9 5843 .988 .878 | —35.0 b 1.0 
of Aug. 21 5845 .868 .O51 | —43.5 b 1.0 
CCC) oe Sept. 18 5873.754 0.613 | + 4.8 b 1.0 

















RR Lacertae 22"37™28', +55°55’; 8.7-9.9 pg. 
Max.=JD 2419434.331+69416234E 





























Elements and photographic light-curve by Robinson, Harvard Ann., 90, 50, 57, 1933. 
CS gare ka cs 1926 Aug. 16 | 2424744.956 0.686 | —16.4 b 1.0 
SS Dec. 15 4865 .635 .494 32.6 b 0.7 
4992.......| 1928 Sept. 27 5517.840 .143 Al.3 b 1.0 
C386)... 1929 Aug. 21 5845 .934 .278 38.6 b oO 
y 17723.......| 1930 Sept. 1 6221 .go0o .874 33.6 b 1.0 
KS OSS... 2. Dec. 1|+ 6312.635 .O16 BY. b r.0 
y 18025...... Dec. 31 6342 .673 .697 28.1 b O29 
C 5807.......:) 26gT Ag. 3 6556.906 .086 47.6 b 1.0 
oY ae Dec. 19 6695 .667 .713 21.0 b 1.0 
Ss 1932 June 22 6881 .983 0.751 | —22.3 b 1.0 
BG Lacertae 21°56™21°, +42°58’; 8.9-9.6 pg. 
Max.=JD 2420455.051-+59331847E 
Elements and photographic light-curve by Robinson, Harvard Ann., 90, 50, 57, 1933- 
y 18915.......] 1932 June 23 | 2426882.944 0.566 | —16.0 b 1.0 
T902)...... Aug. 20 6940. 861 .428 17.6 b r.0 
C 6117. Aug. 24 6944 .826 .172 18.2 b 1.0 
6129. Sept. 11 6962. 861 554 5.3 b 0.7 
6278.... 1933 July 14 72608 .972 .966 32.3 b 1.0 
Sy Aug. I 7286 .941 336 14.0 b 1.0 
6476..... 1934 July 24 7643 .956 295 34.4 b 1.0 
y 20775.... 1935 June 13 7967 .962 .064 36.0 b Eo 
CC Ore. 2.3.2: July 9 7993-941 0.936 | —25.4 b 1.0 
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Vel. p 
=) * > 4 
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RX Librae 15°36™12°, — 20°27’; 11.6-13.5 pg. 
Max.=JD 2425001.0+ 241950E 


Elements and photographic light-curve by Parenago, V.N.V.S., 3, 106, 1931. 





C 6022.......| 1932 May 15 | 2426843 .833 0.861 | —54.1 Cc 0.2 
6236... 1933 Apr. 4 7167.955 .852 44.1 c 4 
O254. ... June 1 7225.822 .17I S33 c 4 
6304.....-.| 1934 Apr. 19 7547 .823 .077 57-7 c 4 
6418. .... May 20 7578.778 318 73.8 c 4 
G758.... 1935 July 10 7994.675 0.987 | —44.7 Cc 0.6 




















SV Monocerotis 6°16™4', +6°31’; 8.6-10.2 pg. 
Max.=JD 2419041.805-+159230721E 


Elements and photographic light-curve by Robinson, Harvard Ann., go, 46, 58, 





1933- 

C 4136. ...| 1926 Dec. 15 | 2424865.935 0.393 | +15.3 b 1.0 
4163. ...| 1927 Jam. 12 4893 .870 .228 | +13.1 b 1.0 
4172. Jan. 16 4897 .873 .490 | +25.3 b 1.0 
4638 1928 Jan. 9 5255-910 998 | +15.7 b 1.0 
5069. Nov. 21 5572.042 .754 | +53-7 b 0.7 
5073 Nov. 22 5573 .026 .819 | +60.0 b 1.0 

y 16402..... 1929 Mar. 27 5698 .677 .069 | — 2.1 b 1.0 

Gi. S405. «5 1930 Mar. 10 6046. 681 .918 | +28.5 b a 

y 18060.......| 1931 Feb. 25 6398. 767 .034 | +19.7 b 1.0 

wee... Sept. 24 6609 .010 0.838 | +59.4 b 1.0 























TX Monocerotis 654548, —1°19’; I11.1-12.0 pg. 
Max.=JD 2423542.51+847019 E 


Elements by Oosterhoff, Harvard Bull., No. goo, 11, 1935. Photographic light-curve 
from a letter by Miss H. H. Swope, of the Harvard College Observatory. 





C 6175. ..| 1932 Nov. 9g | 2427021.016 0.741 | +47.2 c 0.6 
G194.......] 19033 Jam 4 7077.Q10 .279 55.0 c 4 
6384.... 1934 Mar. 21 7518.664 .929 42.7 c 4 

¥ 20008........ Oct. 21 7732.004 .446 68.3 c 6 

C 6616.. Dec. 17 7789 . 885 .097 36.0 c 4 

Y 20903.......| 1936 Jan. 8 8176.817 563 56.7 c “a 

Ps) Feb. 4 8203 .754 0.658 | +68.7 Cc 0.2 
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WW Monocerotis 6'28™"9*, +9°17’; 12.8-14.4 pg. 
Max.=JD 2425298.17+4966231 E 
Elements and photographic light-curve by Parenago, V.N.V.S., 4, 152, 1933. 


| 











C 6184... 1933 Jan. 3 | 2427076.831 0.498 | +64.5 c 0.4 
6380. ; 1934 Mar. 20 7517.688 .055 23.6 c 2 
6563. Oct. 19 7730.997 .807 80.2 c 4 
6824. 1935 Dec. 5 8142.976 0.171 | +38.1 Cc 0.4 

| | 
AC Monocerotis 6°56™13°, —8°34’; 9.4-10.1 Vis. 
Max. = JD 2426687.6+840167 E 
Elements and visual light-curve by Lause, A.N., 251, 43, 1934. 

ae yt | 1932 Nov. 10 | 2427022.969 .| 0.834 | +52.5 b O.7 

C 6101.. | 1933 Jan. 4 7077.795 .673 58.8 c 6 

Y 20139 | 1934 Jan. 7 7445 .833 .582 64.6 c 6 

C O88. | Nov. 15 7757.028 . 400 47.1 Cc 6 

y 20676.. | Dec. 18 7790.802 .613 72.5 c 6 

20711. | 1935 Mar. 19 7881 .641 .944 23.9 c 6 
20746. | Apr. 21 7914.684 0.066 | + 9.6 c 0.4 




















BF Ophiuchi 16559™54°, — 26°27’; 7.8-8.6 pg. 
Max.=JD 2420418.868+ 410680116 E 


Elements and photographic light-curve by Robinson, Harvard Ann., go, 48, 56, 1933. 


























CC. a7zO: «:. | 1928 Apr. 28 | 2425365.971 0.098 | —42.2 b 1.0 
AO22.: :. | July 29 5457-681 .643 Tus b 1.0 

"y 10672... | 1929 May 106 5748.850 .218 44.6 b 0.7 
Se ee July 23 5816.674 .890 49.7 b 1.0 
vy 174260.......| 1930 May 7 6104.929 .750 23.4 b 1.0 
17485.......| June 4 6132.842 611 20.9 b 1.0 
ae June to 6138 .892 .098 47.7 b 1.0 
BME ihere. oe July 6 6164 .688 .439 14.8 b 0.7 
BEES ace Sept. 3 6223 .646 0.932 | —54.6 b tO 

BH Ophiuchi 18"r1™108, +12°4’; 11.1-12.9 vis. 
Max.=JD 2424385.54+1190509 E 

Elements by Oosterhoff, Harvard Bull., No. goo, 11, 1935. No light-curve available. 
C 6055.......] 1932 June 22 | 2426881.870 0.894 | +53.0 c 0.4 
ot Aug. 22 6942. 704 .399 28.8 ¢€ 6 
ae Oct. 10 6991 .670 .830 59.6 Cc 2 
O200..... | 1933 Aug. 29 7314.720 0.063 | +19.1 Cc 0.6 
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Plate Date JD Phase ¥e Disp Wt 
: Km/Sec aoe - 

BH Ophiuchi—Continued 
cS “OGG sce e 1935 May 23 | 2427946.990 0.277 | + 4.3 Cc 0.2 
6759 July 10 7994.750 599 38.0 c 6 
6899 1936 Apr. 12 8271 .9Q90 .686 47.2 c 6 
6918... May 27 8316.828 .744 61.6 Cc 2 
6940. . Aug. 27 8408 . 764 0.063 | +21.1 c 0.4 











RS Orionis 6516315, +14°44’; 8.6-9.8 pg. 
4°44 I 


Max.=JD 2419045.912 


74566646 E 





























Elements and photographic light-curve by Robinson, Harvard Ann., go, 46, 57, 1933. 

©  QRSE. sobs 1923 Nov. 18 | 2423742.031 0.634 | +60.8 b 1.0 
2559 Nov. 25 3749.981 .685 63.1 b 1.0 
2664 1924 Feb. 11 3827 .816 O71 19.8 b 0.7 
yi ae Mar. 13 3858. 701 .053 31.8 b 0.7 
75 ee Apr. 12 3888 .632 .009 7 b 1.0 
AGRE 5.5.6.0.403 1928 Feb. 28 5305 .604 * 286 26.5 b 1.0 

y 16260 Oct. 29 5549.014 443 44.6 b 1.0 

 -5307 1930 Feb. 11 6019.715 .650 Cy ee: b O.F 

Y 17329 Mar. 12 6048 . 691 .480 48.3 b 1.0 
EABOOS 6.00 Nov. 4 6285 .984 .840 43-3 b 1.0 

C .s6r8... Nov. 29 6310.8g90 132 25.0 b 1.0 

Y 17942. Dec. 4 6315.925 797 78.6 b 1.0 
18058 1931 Feb. 25 6398 .655 0.731 | +57.7 b 1.0 

CR Orionis 6%o™7%, +13°14’; 12.4-13.1 pg. 
Max.=JD 2425234.1+419143E 
Elements and photographic light-curve by Hoffmeister, A.N., 238, 19, 1930. 

C 6166 1932 Nov. 7 | 2427019.972 0.403 | +34.5 c 0.4 
6359. 1934 Jan. 22 7460. 787 . 104 28.8 c 6 
6609. Dec. 16 7788 .854 861 56.9 c 4 
6821. 1935 Dec. 4 8141 .962 .714 50.2 Cc .4 
6897. 1936 Apr. 12 8271. 669 0.108 | +17.4 c 0.2 























curve by Hoffmeister, A. V., 238, 20, 1930. 


CS Orionis 651™515, +11°9’; I1.1-12.0 pg. 
Max.=JD 2422715.94+ 3988946 E 
Elements by Oosterhoff, Harvard Bull., No. goo, 11, 1933. Photographic light- 





1932 Oct. I0 
1934 Sept. 20 
Sept. 21 


2426991 .983 0.392 | + 2 
7701 .007 .686 | +34 
7702 .000 0.941 | +19 





| 
| c 
Cc 


.O 
6 
§ c 


° 


° 


hp 
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a ; a Vel. a ; 
Plate Date JD Phase ReatGeo Disp. Wt. 
CS Orionis—Continued 
y 20854..... 1935 Nov. 6 | 2428113.033 0.620 | +24.1 Cc 0.4 
20566... ... Nov. 8 8115.915 .361 | + 6.2 Cc 6 
20902. 1936 Jan. 8 8176.712 .9g2 | +12.1 Cc 6 
20928. Feb. 5 8204.872 .232 | + 8.0 € 4 
C. 6863... Apr. I1 8270. 736 0.166 | — 8.0 c 0.2 ’ 




















SV Persei 4°42™46', +42°7’; 8.8-9.7 pg. 
Max.=JD 2419611.424+119128428E 
Elements and photographic light-curve by Robinson, Harvard Ann., 90, 46, 58, 1933. 





C 80842... - 1922 Oct. I | 2423329.959 0.147 | —23.3 b a, 
2580. 1923 Dec. 17 3771. 896 .860 | — 1.2 b 1.0 ' 
2622.. 1924 Jan. 16 3801 .792 .546 | — 8.5 b O39 
4055... 1926 Oct. 20 4809 .007 .054 | —20.0 b 1.0 
4007... . Nov. 14 4834.840 .376 | —15.8 b 0.7 
4628. 1928 Jan. 8 5254.7904 .113 | —27.2 b 1.0 
4693. Feb. 28 5305 .643 .682 | + 7.3 b O..7 
5000. . Sept. 29 5519.012 .856 | — 1.3 b 1.0 
5075. ' Nov. 22 5573-911 .789 | + 8.6 b 1.0 
oe 1931 July 31 6554.981 .948 | + 1.9 b 1.0 
5805... Aug. I 6555-979 .037 | —12.8 b 1.0 
5847.... Sept. 22 6607 .984 0.710 | — 0.6 b 1.0 























SX Persei 4"10™12°, +41°20’; 10.9-11.8 vis. 
Max.=JD 2421642.28+4%929007 E 
Elements by Oosterhoff, Harvard Bull., No. goo, 11, 1935. Visual light-curve by 
Nijland, Recherches astr. de Observatoire d’Utrecht, 8, 211, 1923. 

















C 6632.......| 1930 Dec. x | 24963%2.953 0.717 | +10.4 b | 0.7 
S636...:.. | Dec. 2 6313 .872 931 | — 0.4 Ge 4 6 
GOT00:.......|, 1639 Jan: 4 7077.713 .g80 | —25.1 c 6 
6558. | 1934 Oct. 18 7729 .934 .o10 | —17.8 Cc 4 

y 20920. | 1936 Feb. 4 8203 .677 .438 | +21.6 c 6 
RIOT 2 is | Oct. F 8449 . 883 0.828 | — 9.8 c | 0.6 

| 





UX Persei 2"6™6, +57°38'; 11.3-12.4 vis. 
Max.=JD 2425910.82+ 4156590 
Elements by Oosterhoff, Harvard Bull., No. goo, 11, 1935. Visual light-curve by 
Kukarkin, N.N.V.S., 4, 14, 1932. 





C 4662. | 1928 Jan. 31 | 2425277.694 0.336 | —51.4 p> it “0g 
5851.. | 1931 Sept. 23 6608 .917 804 30.4 c 6 
6126. 6 

| 


1932 Sept. 10 | 6961 .018 0.009 | —32.7 c ° 
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TABLE 1—Continued 
| | Vel 
1. ate | — el. * , 
Plate Date JD | Phase | Km/Sec Disp. Wt. 
| | 
UX Persei—Continued 
C 6143. 1932 Sept. 21 2426972.991 0.631 | 94.59 Cc 0.6 
OES cose en Nov. 6 7018.856 | 676 | 42.4 Cc 4 
6164 | Nov. 7 7019. 845 | .893 23.3 Cc 6 
cree Nov. 8 7020.771 0.096 | —64.1 c 0.6 
7 | | 
UY Persei 2"27™0%, +58°26'; 11.1~-12.1 Vis. 
Max.=JD 2423523.073+593650609E 
Elements and visual light-curve by Kukarkin, V.N.V.S., 4, 16, 1932. 
| | | | | 
C 53390 1929 Oct. 14 | 2425899.976 | 0.033 | —73.3| b 0.3 
5670 | 1930 Dec. 30 6341 .852 | 305 | 50.4 | c¢ 4 
O119 | 1932 Aug. 24 6944.917 | 800 | 57-5 | Cc -4 
6313 | 1933 Sept.20 | 7345-974 554] 55-7] © 2 
6608 | 1934 Dec. 16 7788.722 | 078 | 68.7 c .4 
GOTO oe sie: 1936 Oct. 24 | 8466.878 | 0.480 ~~ €2.9 c 0.2 
| 








Elements and photographic light-curve by Robinson, Harvard Ann 


VX Persei 2"0™50°, +57°58’; 9.5-10.4 pg. 
Max.=JD 2420438.985-+ 109895287 E 


-» 90, 40, 58, 1933. 





























C 4161. 1927 Jan. 12 | 2424893 .682 0.864 | —44.7 b 1.0 
4520. Nov. 3 5188.885 | 959 37.8 b 1.0 
a re 1928 Jan. 9 5255-731 | 004 42.1 b 1.0 
5362 1929 Dec. 10 5950.774 | 438 25.0 b 0.7 
Ce 1931 Sept. 23 6608 . 812 284 37.8 b 1.0 

Y IOEIO. cas 1932 Sept. 13 6964.979 074 46.9 b 1.0 

SaaS See Sept. 21 6972.912 0.702 | —19.1 c 0.4 

VY Persei 2'20™18*, +58°28’; 11.2-11.7 vis. 
Max.=JD 2420273.930+59531943E 
Elements and visual light-curve by Kukarkin, V.NV.V.S., 4, 48, 1932. 

ae: ee 1930 Nov. 2 | 2426283.828 0.399 | —46.0 Cc 0.4 
ORFs see 1932 Aug. 23 6943 .969 732 20.5 c 4 
2 a Aug. 24 6944.979 gI4 360.1 c .6 

“ TOGEE outs 1933 Feb. 1 7105 .693 966 68.1 c 4 
QOB25 6 6 1935 Oct. 9g 8085 .974 .170 48.1 c 4 
20846. . Oct. 20 8096. g60 156 43.5 c .6 

a a Dec. 4 8141.812 204 58.6 c a 
OBA... x. 1936 Feb. 2 8201 .667 084 61.2 c 4 

 QOO8E. . ase's Feb. 5 8204.679 0.628 | —23.9 c 0.2 
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TABLE 1—Continued 
Plate Date JD Phase Pa Disp. Wt. 





AS Persei 4512™225, +48°44’; 9.4-10.1 vis. 


Max.=JD 2423459.98+4997244E 


Elements by Oosterhoff, Harvard Bull., No. goo, 11, 1935. Visual light-curve by 


Beyer, A.N., 252, 186, 1934. 















































OBC) eee 1932 Aug. 25 | 2426945 .023 0.871 | —I19.1 b | 1.0 
V IQIO7: .».«> Oct. 12 6993 . gO! . 700 15.4 b 0.7 
TOGO4 «5s. x. | Nov. 9 7021 .goo £332 25.5 b 1.0 
FORGO bcs. Nov. 10 7022.840 521 20.2 dD | 20 
20826...... | 1935 Oct. 10 8086 .019 336 35.2 c | 0.6 
C 6826. ...... Dec. 7 8144.780 0.153 | —42.9 b | 20 
AW Persei 4"41™5', + 36°33’; 7.2-7.9 Vis. 
Max.=JD 2416512.64+6946338E 
Elements by Kukarkin, NV. N.V.S., 2, 49, 1930. Visual light-curve by Jacchia, 4. N., 
240, 310, 1930. 
¥y 16052... . 1932 Jan. 18 | 2426725.771 0.153 | + 6.1 b O:7 
iS gga0. |. =<; Jan. 19 6726.767 307 | + 8.6 b tO 
ry 19032...... Aug. 21 6941 .026 .457 | +23.2 b 1.0 
Sa ie ee ae Aug. 24 6944.016 920 | + 0.2 b 6:7 
BORO acecons a's Oct. 12 6993 .939 .644 | +33.0 b 1.0 
er Nov. 9 7021 .936 975 | — 0.2 b 1.0 
Sg Dec. 10 7052.909 767 | +24.1 b 0.7 
2) 1933 Jan. 5] * 7078.615 .744 | +21.5 b 1.0 
OSB sc. cis Oct. 1 7347 .028 0.273 | + 8.0 b Eo 
X Puppis 7"28™26', — 20°42’; 8.5-10.3 pg. 
Max.=JD 2419040.869+ 254957789F 
Elements and photographic light-curve by Robinson, Harvard Ann., go, 81, 59, 1933 
ee ae 1920 Nov. 21 | 2422650.994 0.077 | +37.6 a 1.0 
4534... 1927 Nov. 7 5192.984 .004 80.3 b 1.0 
4688. ......] 1928 Feb. 27 5304. 689 . 308 40.5 b 1.0 
POLY ee Apr. 8 5345 056 886 97.1 b 0.3 
oC eee 1929 Jan. 21 5633.854 .989 gI.I b OF 
Samy. 1930 Feb. 9g 6017.792 .780 86.5 b O27 
ree Mar. 11 6047.761 034 95.1 b 0.3 
Bar... 6s Mar. 12 6048. 681 .970 79.1 b 0.7 
y 17853... Nov. 3 6284 .988 .073 25.2 b rio 
C 5610 Nov. 29 6310.951 .073 30.0 b 1.0 
Lo 1931 Nov. I 6647 .057 0.021 | +54.4 b 1.0 























RADIAL VELOCITIES OF CEPHEIDS 391 


TABLE 1—Continued 








Plate Date JD Phase Km/Sec Disp. Wt. 





RS Puppis 89™14*°, — 34°17’; 7.4-0.5 pg. 
Max.=JD 2419186.3+419337E 


Elements and photographic light-curve by Gerasimovit, Harvard Bull., No. 848, 


16, 1927. 





























C 3093 ..| 1924 Dec. 3 | 2424123.942 0.448 | +15.1 b 0.7 
4137 .| 1926 Dec. 15 4865 .981 .399 | +23.6 b 1.0 
4535 ..| 1927 Nov. 8 5193 .035 311 | + 7.6 b 1.0 
ASOD. «'. Dec. 31 5246. 806 614 | +38.4 b 0.3 
4630.......| 1928 Jan. 8 5254.908 .808 | +43.4 b 0.3 
4689 Feb. 27 5304.732 013 | — 7.7 b 1.0 
5132 1929 Feb. 26 5669.726 843 | +55.8 b 0.3 
5598 1930 Nov. 2 6283 .026 680 | +31.7 b 1.0 
5659 Dec. 28 6339.901 .056 | — 2.7 b 1.0 
5671 Dec. 30 6341 .927 105 | — 8.7 b 1.0 
6206 .| 1933 Feb. 4 7108 .816 0.657 | +33.7 b 0.7 

VZ Puppis 7°34™34°, — 28°16’; 9.7—10.9 vis. 
Max.=JD 2426781.2+23917E 
Elements and visual light-curve by Florja, V.V.V.S., 4, 35, 1932. 

C 6214.......| 1933 Mar. 2 | 2427134. 710 0.257 | +38.5 c 0.6 
6338.... Nov. 4 7381 .Oo1 .887 63.9 c 4 
WB cea acs 1934 Apr. 3 7531 .649 389 42.4 c 4 
OBI... < 5 «5 1935 Dec. 8 8145 .007 861 69.5 c Be 
6836. ...| 1936 Feb. 2 8201.819 313 33.2 c 2 
O882 oo sos Feb. 27 8226.767 . 390 29.5 c 2 
7002.......| 1937 Mar. 18 8611.691 003 45.7 c <a 
(Co) ae Mar. 19 8612.646 0.044 | +52.3 c 0.6 























WW Puppis 753735, — 20°54’; 9.6-10.5 vis. 
Max.=JD 2424497.73+545159E 


Elements by Oosterhoff, Harvard Bull., No. goo, 11, 1935. Visual light-curve by 
Florja, N.N.V.S., 4, No. 2, Tafel I, 1932. 





| | 


a 
2427077 .965 0.781 | +098.4 


© 6195......<..) 399s: am “2 c 0.2 
O95465 cca Apr. 4 7167 .638 038 69.3 é 4 
20007. .s-2. Dec. 1 7408 .007 616 99.6 Cc 4 
i) ee 1934 Jan. 6 7444 .8065 0.298 | +83.4 c 0.2 
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TABLE 1—Continued 








Plate 


Date 


JD 


Phase 


Vel. 


Km/Sec 


Disp. 


Wt. 





WX Puppis 7°37™50%, — 25°38’; 9.4-I10.0 vis. 


Max.=JD 2426711.65+84941 E 


Elements by Florja, Tashkent Circ., No. 15, 1933. Visual light-curve by Florja, 
N.N.V.S., 4, No. 2, Tafel I, 1932. 





























Co: eae 1933 Mar. 2 | 2427134.740 0.320 | +36.0 c 0.6 
 20020....... Nov. 3 7380 .033 755 74.1 b 1.0 
cy) ee 1934 Feb. 24 7493 . 766 475 46.9 c 0.6 

Oe re Dec. 17 7789 .958 603 65.0 c 0.4 
Ce ee 1935 Feb. 10 7844.771 722 74.6 c 0.6 

ay) oe Mar. 20 7882 .631 .968 49.2 c 0.6 

ROBO 655 ses Nov. 9 8116.001 .069 at 4 Cc 0.6 

GREG. oes 1936 Feb. 27 8226.815 0.462 | +41.5 c 0.4 

WY Puppis 7"53™50°, — 23°46’; 10.6-11.7 pg. 
Max.=JD 2424164.70+542509 E 
Elements by Oosterhoff, Harvard Bull., No. goo, 11, 1935. Photographic light- 

curve by Kruytbosch, B. A. N., 8, 5, 1936. 

EGS 0 os 25 1933 Jan. 3 | 2427076.962 0.622 | +65.0 b 0.3 
6240... 0.0% Nov. 26 7403 .042 spar 56.0 c 4 
iain Dec. 25 7432.972 421 50.1 c 4 

VegOeTO. 6. .s 35 1935 Mar. 20 7882 .660 .061 21.0 Cc 4 
SOBGO...6... Nov. 7 8114.003 0.119 | +28.8 c 0.6 























WZ Puppis 7"5 


Max.=JD 2423538.46+510270E 
Elements by Oosterhoff, Harvard Bull., No. goo, 12, 1935. Visual light-curve by 
Florja, N.N.V.S., 4, No. 2, Tafel I, 1932. 


6™138, —23°29'; 10.9-11.7 Vis. 





C6860. 5 05 1934 Jan. 22 | 2427460.868 0.268 | +63.6 b 0.3 
Fe re Jan. 26 7464 .868 .064 58.5 c 6 
OTS ce 550. Mar. 21 7518.740 . 780 72.0 c 6 
oY 1935 Mar. 17 7879.740 .592 65.6 c 6 
° kL ee Mar. 19 7881.715 .986 45.0 c .6 
20860....... Nov. 9 8116.035 598 82.0 c 4 
20900. ....... 1936 Jan. 7 8175 .892 505 78.1 c 6 
ee Feb. 4 8203 .812 0.059 | +39.8 c 0.6 
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TABLE 1—Continued 
— —— 7 Sa ee eae a 
| Vel 
| Dhace el. ae : 
Date JD | Phase Km/Sec Disp. Wt. 
AD Puppis 7'43"528, — 25°20’; 9.5-11.5 pg. 
Max.=JD 2425832.48+139595E 
Elements and photographic light-curve by Wesselink, B.A.N., 7, 243, 1935. 
1933 Mar. 4 | 2427136.792 | 0.940 | +60.8 c 0.4 
Oct. 28 7374.004 | 3890 67.7 c .4 
1934 Apr. 19 7547 .640 162 38.9 ¢c 4 
Oct. I9 7730.014 | 576 80.8 c 4 
Dec. 15 7787.922 | 835 80.5 c 4 
1935 Dec. 8 8145.049 | 0.104 | +44.6 Cc 0.9 


Elements and photographic light-curve by Robinson, Harvard 











, > 
—IQ 32 5 7-3-6.5 Be: 


U Sagittarii 18°26™o%, 


Max.=JD 2420600.325+69744917E 





Ann., 90, 49, 5 














1933. 

-_ a | = : 

3 A eee | 1918 July 19 | 2421794.731 0.082 | —2I1.9 | a 1.0 
SOL cictsvexs 1919 Apr. 9g | 2058.021 | 118 | —20.9| a 0.5 
8697 Sept. 11 | 2213.676 195 | —13.4] a 1.0 

3054 1926 Aug. 17 | 4745 .747 599 | — 0.2 | b 1.0 
5207 | 1929 June 14 | 5777-931 631 | + 9.1 | b 1.0 

ay 5, oe | 1930 Apr. 9g | 6076 .028 826 | +16.2 | b 0.3 
TTAIO. «23,5 June 2 | 6130.949 | 969 | + 2.3 | b 1.0 
17731 Sept. 4 | 6224.644 | 0.860] +16.3| b 1.0 

| | | | 
VY Sagittarii 18"6™78, — 20°43’; 11.9-14.0 pg. 
Max.=JD 2424738.80+1315583 EF 
Elements by Oosterhoff, Harvard Bull., No. 900, 12, 1935. Photographic light- 
curve by Parenago, V.N.V.S., 3, 108, 1931. 
| | 

S O86 ecs: 1932 Aug. 24 | 2426944.709 | 0.698 | +12.4 c 0.2 
6138 Sept. 21 6972.674 | 760 | +11.1 c if 
6294 | 1933 Aug. 30 7AEC Og | 062 | —22.3 é 4 
oy i, ee | 1934 July 21 7640.743 | .034 | — 4.6 c <2 
G68S....65... 1935 June 8 7962.920 | .7907 | +23.1 c 2 
a July to 7994.853 .152 | —38.6 Cc 2 
Ct ee 1936 July 11 8361.781 | 0.215 | —30.5 c 0.2 
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TABLE 1—Continued 
D D Ph Vet. Dis W 
Plate ate J ase Km/Sec isp. i 





WZ Sagittarii 18"11™7*, —109°7’; 7.9-10.1 pg. 


Max.=JD 242088 9.050-+ 211847498E 





















































Elements and photographic light-curve by Robinson, Harvard Ann., 90, 49, 59, 

1933- 

CY GOERS. cack 1921 Mar. 18 | 2422767.035 0.9590 | — 7.9 b 0.3 
BINGO... 5c ate 1926 Aug. 20 4748.748 .665 | +14.1 b 0.3 
SOTA... 5. 1929 June 17 5780.877 .g08 | + 6.0 b ro 
Cs, i. June 23 5786. 865 .182 | —43.2 b 1.0 

Y TOGOS: ...5 = July 13 5806 .853 .097 | —39.8 b 1.0 
ee Aug. 20 5844.677 .828 | +13.7 b O.9 
ADRS ie. Sept. 18 5873 .662 .155 | —33-8 b 1.0 
BARS seks 1930 Apr. 12 6079 .000 .554| + 0.5 b 0.3 
a eee May 14 611.925 .060 | —41.2 b 1.0 
ee 1931 Sept. 22 6607 .657 0.751 | +16.3 b 0.7 

XX Sagittarii 18518™57°, —16°51’; 8.9-10.0 pg. 
Max.=JD 2419189.730+6%9424264 E 
Elements and photographic light-curve by Robinson, Harvard Ann., go, 49, 57, 

1933. 

oT re 1926 Aug. 16 | 2424744.745 0.693 | +16.9| b 0.3 
eee Ae ee 1928 July 10 5438. 868 .740 | +19.1 b 0.3 
ene 1929 June 13 5770. 892 -357 | — 6.3 b 0.3 
OS ee 1930 June 5 6133.920 .932 | +20.8 b O79 
ae 1931 Apr. 29 6461 .958 .994 | —15.7 b 1.0 
Sr Sept. 23 6608 .653 .828 | +32.3 b 1.0 
ne) 1932 May 13 6841 .954 .144 | —25.7 b £0 
os eae 1933 June 2 7226.931 .069 | — 6.8 b 1.0 
oo re Aug. 31 7316.675 G;020 | — 17.0 Cc 0.6 

YZ Sagittarii 18543™42°, —16°50’; 7.6-8.4 pg. 
Max.=JD 2419741.300+099553151E 
Elements and photographic light-curve by Robinson, Harvard Ann., go, 49, 58, 

1933- 

Sf): ee 1919 May 13 | 2422092.993 0.169 | + 5.0 b 1.0 
Le eee Sept. 13 2215.679 .O12 11.5 a rs 

J) ee 1925 July 1 4333-844 . 736 15.8 a 1.5 
oe ae 1927 Sept. 5 5129. 703 .044 8.9 a ee 

ree 1930 Apr. I1 6078 .028 eG 26.8 b 1.0 
Ce ee May 14 6111.988 0.868 | + 2.9 b 1.0 























—_— 





eS 
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TABLE 1—Continued 
Plate Dat JD Phase big Dis W 

ate ate lase Km/Sec Isp. t. 

YZ Sagittarii—Continued 
Ff EPSASS sci 's « 1930 June 26 | 2426154.853 | 0.355 | +28.1 b 0.6 
i | July 9 6167.839 | .714 28.6 b 1.0 
Oe GA8Oe | 1933 July 31 7285 .656 | 724 31.6 b 1.0 
6254: 2 c's | Aug. I 7286.655 | .829 7.3 b 1.0 
VO) ee | Aug. 31 73160.651 | .969 2.8 c 0.4 
Oe eae ee | 1934 Apr. 22 7550.014 | 397 26.5 b 1.0 
Y 20402... | May 22 7580.844 | 624 40.0 b 520 
CC G6O0... 6 550% July 23 7642.717 | .100 9.8 b 10 
ORES. hbk | Aug. 23 7673 .642 | 0.338 | +10.5 b 1.0 

















AP Sagittarii 1856™58*, — 23°8’; 7.2-8.2 pg. 
Max.=JD 2419491.158+54058132E 


Elements and photographic light-curve by Robinson, Harvard Ann., go, 40, 57, 





1933. 

i (OOORS eo Ass 1918 May 18 | 2421732.927 0.201 | —17.5 b 0.7 

CS) GOARs 5 ess 1924 Aug. 13 4011 .648 . 707 7.8 b 0.4 
SIOO i. ee sc ds 1926 May 22 4658. 897 .669 4.6 b 3.6 
ARR 5 0:5. 002% 1928 June 12 5410. 867 335 17.4 b 1.0 

Se yt: ee 1930 June 4 6132.897 o81 20.8 b 1.0 
£7507...... July 9 6167.792 980 29.7 b 1.0 
bho) ee Sept. 1 6221 .665 631 13.3 b 1.0 

BOR se eal a 1931 Mar. 30 6431 .037 .024 34.9 b 1.0 
bo) Mar. 31 6432.044 223 28.4 b E.o 
BeBe aise. June 1 6494.844 0.639 | — 7.4 b 1.0 























AY Sagittarii 18°17™26%, — 18°37’; 10.5-11.3 vis. 
Max.=JD 2426860.67+6956959 E 
Elements by Florja, Tashkent Circ., No. 34, 1934. Visual light-curve by Hoff- 


meister, A. N., 218, 326, 1923. 





© GORA, sc 83 1932 June 20 | 2426879.786 0.910 | + 5.8 Cc 0.2 
| ae 1933 May 15 7208 .gIo .008 | —54.3 c a 
GAGE cc July 13 7267 .707 .958 | —25.4 c 4 
re Aug. I 7286.710 .850 | —26.7 c 4 
C400. 6... 1934 June 20 7609 .854 .038 | —51.7 c e 
GAS. :..%4 July 21 7640.814 -751 | +12.8 c 2 
ae 1935 July 8 7992 .733 319 | —42.2 c .4 

+ 208%S.......... Oct. 8 8084 .625 .306 | —31.9 c 2 

OSGi... 2s 1936 Apr. 12 8271 .004 .676 | + 2.6 c a 
GOte oe coc July 28 8378. 705 0.070 | —64.4 c 0.4 
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TABLE 1—Continued 
| a | 
Plate Date JD Phase Bo Disp. | Wt. 
BB Sagittarii 1845™4°, — 20°25’; 7.1-8.1 pg. 


Elements and photographic light-curve by Robinson, Harvard Ann., 90, 49, 57, 1033. 


Max.=JD 2419282.142+69636794E 





CaaS es 


Q» 
1 
r 
~) 
1 


1927 July 18 
1928 Aug. 
1929 June 2 
Oct; x 
1930 June 
Sept. 
Oct. 
1931 Apr. 3 
June 1 


ONWWWAWN 


2425080 
5404 
5787 
5898 
O131 
0223 
6257 
6402 
0494 


| 
| 
| 
| 
| 
| 
| 
} 
| 
| 


| 
826 ° 
833 
gio 
632 
Q4I 


£35 : 


042 F 


.827 


007 
god fe) 


.258 


ae 
718 
578 


O4I 
094 
9260 
035 


794. 





| ++ 


a 


a 


$1.3 b 
26.4 b 
7-3 b 
E32 b 
5-7 b 
9.5 b 
18.9 b 
0.4 b 
17.3 b 





eo0o0o0o 000 0 








| 





V 350 Sagittarii 18"39™20°, — 20°45’; 7.5-8.4 pg. 
Max.=JD 2425885.014+5915424E 
Elements by Florja, Tashkent Circ., No. 33, 1934. Photographic light-curve by 
Albitzky, A.N., 238, 12, 1930. 


























| 
y 17487. 1930 June 4 | 2426132.942 o.102|— 0.7] b 1.0 
| a ee Sept. 2 6222.645 506 | +16.0 b 1.0 
te Cae Sept. 3 6223.690 708 | +20.7 | b 0.7 
5553 Sept. 19 6239.674 809 | +25.5 |] b 1.0 
y 17788 Oct. <5 6255 .660 ol | + 5.4 b 0.3 
a) 1931 May 31 6493 .983 149 | — 8.1 b 0.7 
y 18366 July 30 |. 6553.708 737 | +33.0 b 0.7 
tS REREDY e260 <4 Sept. 21 6606. 638 006 | — 5.3| b 1.0 
BME is ace Sept. 22 6607 .720 0.216| — 6.6] b 1.0 
| 
RV Scorpii 16%51™47%, —33°27’; 7.0-8.1 pg. 
Max.=JD 2420499.353+61061428E 
Elements and photographic light-curve by Robinson, Harvard Ann., 90, 48, 57, 1933. 
CS PRO Ei Sess 1926 June 27 | 2424694.769 0.150 | —31.7 b 1.0 
ee ae 1927 May 12 5013 .858 .792 | — 4.7 b O7F 
a oe July 16 5078.684 .487 | — 9.6 b 1.0 
BOOG sac July 17 5079.6072 650 | — 2.0 b 0.7 
OOO July 18 5080.670 815 | + 6.5 b 0.7 
BFB2 oo 65% 1928 Apr. 29 5306 .962 046 | —39.1 b 1.0 
MAD cs June 12 5410. 809 280 | —19g.1 b 1.0 
S769... .. 1929 Apr. 20 5722.938 774 | + 2.6 b 1.0 
Re ae sacs x May 21 5753-818 869 | —19.5 b 1.0 
SOG sas «os June 16 5779.750 .148 | —35.4 b 1.0 
oS 1930 July 7 6165.720 825 | — 3.2 b 0.7 
CC) oe 1931 May 31 6493 .828 0.954 | —28.9 b 0.7 
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TABLE 1—Continued 








Vel. - 
»I- 2 g Ihe se s J 
Plate Date JD Phase Km /Sec Disp. Wt. 











RY Scorpii 17"44™16°, — 33°40’; 8.3-9.4 pg. 


Max.=JD 2419664.594+ 201314133 EF 


Elements and photographic light-curve by Robinson, Harvard Ann., go, 48, 59, 1933. 





CG tO eo 1g21 June 26 | 2422867 .830 0.685 | — 3.4 b 0.3 
. i 1927 July 16 5078. 744 521 | — 3.0 b 0.3 
4806.......| 1928 May 13 5380.915 396 | —19.9 b 0.3 
Co May 27 5394.807 084 | —40.5 b 1.0 
a July 4 5432.782 950 | —26.7 b 0.7 
U2 1929 Apr. 21 5723 .009 230 | — 25:0 b 0.3 
.. May 21 5753-924 758 | — 5.0 b 0.3 
(2) ee Aug. 18 5842 .666 127 | —25.5 b 0.3 
BOOM G6 8 os 1932 Apr. 13 6811 .992 844 | —11.3 b 0.3 
6260. .... 1933 July 2 7256.785 0.739 | + 2.2 c 0.2 


























X Scuti 18525™42°, —13°11'; 9.8-11.0 pg. 


Max.=JD 2420934.435+49198026E 


Elements and photographic light-curve by Robinson, Harvard Ann., 90, 49, 56, 1933. 





| 
C 4367.......| 1927 July 16 | 2425078.833 0.225 | + 6.4 b 0.7 
A, Sr 1928 Aug. 24 5483.710 670 | +19.4 b a 
§326...;..., 3029. July 16 5809 . 809 349 | + 7.9 b 3 
y 19026......| 1932 Aug. 20 6940.694 734 | +25.0 b a 
> Gage: ss: 1934 Apr. 21 7549 .913 854 | + 5.5 c 4 
6600. ....... 1935 June 11 7965 .965 .g61 | — 7.4 c 6 
Y 20830... .+<. Oct. 20 8096. 616 0.083 | —12.6 Cc 0.6 























Y Scuti 18532™36%, —8°27’; 9.9-10.9 pg. 


Max.=JD 2420138.056+109341392E 


Elements and photographic light-curve by Robinson, Harvard Ann., go, 49, 58, 1933. 





© 4098). tens 1927 July 6 | 2425068.869 0.804 | +12.2 b 0.3 
ee July 8 5070.824 993 | + 3-7 b 7 
yO ae 1928 Aug. 4 5463.775 990 | — oO.1 b 7 
§377...... 1929 Aug. 19 5843-744 -733 | +20.8 b al 

¥ TO766... 3. 1933 Aug. 2 7287 .705 362 | +12.9 c 6 
oh ae 1935 June 13 7967 . 802 .127 | —12.1 c 4 
fo Oct. 20 8096 .648 586 | +19.3 Cc 4 

GS COAG ok. 1936 July 11 8361 .854 .231 | —18.8 c 6 
OOAI ere cts July 30 8380 .667 .050 | — 3.0 c 6 

ee Aug. I 8382.819 0.258 | — 8.5 c 0.6 
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Z Scuti 18537™368, —5°55’; 9.6-11.2 pg. 


Max.=JD 2420133.222 


+129901723E 


Elements and photographic light-curve by Robinson, Harvard Ann 


-» 90, 409, 58, 1933. 





Ole Cy ree 
BARS occ. 5 0ces 
eR is cer unt 
BEOE So ois oss 

iY ar 

et: are 

= es i 

CC POWAR Scien 





1927 July 
July 


1929 Sept. 


1930 Oct. 
1933 Aug. 
1934 Apr. 
1935 June 

June 





24250069 .894 
5070. 896 
5875 .681 
6250.077 
7287.776 
7549-971 
7968 .878 
7979 .955 





0.637 | +44.4 
-714 50.5 
092 9.8 
623 42.5 
542 34-4 
865 39.8 
234 22.8 

0.960 | +25.4 





b 0.3 
b 0.3 
b 1.0 
c 0.4 
c 0.6 
c 0.6 
b 0.7 
b 0.7 











RU Scuti 18"36™40°, — 4°12’; 9.5-11.7 pg. 


Max.=JD 2419198.251-+191696466 E 


Elements and photographic light-curve by Robinson, Harvard Ann 


+» 90, 49, 59, 1933. 





¥ TOFS: =. «25. 
oe ae 
ae 
1, eee 
QO0E <5... 5. 





1921 July 
1928 May 
July 
1929 Aug. 
1933 June 
Aug. 
1935 May 
Aug. 
Aug. 


1936 Apr. 


May 
May 


May ; 


II 


31 


4 
21 
I 
2 





2422882 .894 
5398 .916 
5432.861 
5845 .705 
7225.905 
7287 .847 
7933-995 

- 8022.684 
8024.767 
8286 .922 
8316.912 
8318 .936 
8320. 880 





0.071 | —20.7 
811 | — 0.3 
S061 3-2 
.495 | + 4.6 
.571 | —11.4 
.713 | 415.1 
.518 | — 6.6 
.o21 | —18.4 
-127 | —39-3 
437 | —23.1 
959 | —30.8 
.062 | —30.2 

0.161 —= Ot. 2 





b o.3 
b 0.3 
b 0.3 
b 0.3 
C 0.4 
c 0.4 
c 0.2 
b 1.0 
c 0.0 
c 0.6 
c 0.4 
c 0.4 
c 0.6 











SS Scuti 18538188, —7°50’; 8.0-8.9 pg. 
3 ‘i I 


Max.=JD 2419984.342+396711843 E 


Elements and photographic light-curve by Robinson, Harvard Ann 


+» 90, 49, 56, 1933. 








Ps ee 
ae). ee 
6888s. 25. 
et ae 
R700. 6... 

5753------- 

| re 
Soa, cy ere 


1925 June 
1930 June 


Sept. 
1931 Mar. 
Mar. 


June 
1932 May 
Aug. 


¢ 
26 

6 
27 
20 
22 
13 
20 


oC 





2424308 .g64 
6154.787 
6226.670 
6428 .009 
6439 .997 
6515-773 
6841 .894 
6940.771 





0.9901 | — 0.4 
-778 5-4 
358 22.6 
. 201 ao-8 
.O15 16.6 
.107 19.0 
.940 5.0 

0.873 | — 2.4 





b 1.0 
b 0:7 
b 0.7 
b 1.0 
b 1.0 
b 0.3 
b 1.0 
b 1.0 











— 


ee 





— 











RADIAL VELOCITIES OF CEPHEIDS 
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Ee Vel. aa = 
Plate Date JD Phase nny ae Disp. Wt. 





TY Scuti 18536™49%, — 4°24’; 12.1-13.2 pg. 
Max.=JD 2425903.518+1140515 EF 


Elements by Harwood, Harvard Bull., No. 893, 22, 1933. Photographic light-curve 
by Parenago, V.N.V.S., 3, 110, 1932. 





© -00458:... 0p2cs 1932 June 20 | 2426879.892 0.348 | +24.2 Cc 0.2 
GIA e364 Aug. 22 6942 .773 037 | —29.5 Cc 6 
G2865 soe.3 1933 July 31 7285 .720 070 | —14.8 c 2 
OL) re 1935 June 9 7903 .934 438 | +15.5 c 6 
Oy! ee Aug. 7 8022.790 763 | +12.6 c 6 
GEE v6 se 1936 Apr. 11 8270.021 0.134 | + 1.1 Cc 0.4 























UZ Scuti 18525™448, —13°0'; 12.0-12.9 pg. 
Max.=JD 2424790.95+14°749E 


Elements by Oosterhoff, Harvard Bull., No. goo, 12, 1935. Unpublished photo- 
graphic light-curve kindly supplied by Miss H. H. Swope, of the Harvard College 
Observatory. 





C 6esSecs.cc 1932 July 25 | 2426914.756 0.997 | +11.7 c 0.4 
ey eae 1933 July 14 7268. 801 .007 | — 3.1 c 4 
CY 1) July 31 7285 .823 55 | — 5.7 c 2 
Y SO700: 6.5: 1935 June 12 7966. 891 .333 | + 4.2 Cc 4 
© Wigs: cs. 1936 Apr. 10 8269 .970 0.882 | +31.3 c 0.4 























BX Scuti 18'44™52°, — 4°20’; 13.3-14.5 pg. 
Max.=JD 2425388.43+6%4099 E 


Elements by Oosterhoff, Harvard Bull., No. goo, 12, 1935. Unpublished photo- 
graphic light-curve kindly supplied by Miss Margaret Harwood, of the Maria Mitchell 
Observatory. 





re 1932 Aug. 21 | 2426941.736 0.329 | —13.5 Cc 0.4 
2 eae 1934 May 23 7581 .896 . 200 25.4 c 2 
G00. ....- Aug. 22 7672.767 .376 1 a c 4 
2) 1935 June 21 79075.875 664 3.2 c oi 
a Aug. 8 8023 .833 0.146 | —31.6 c 0.4 























ST Tauri 5°39™245, +13°32’; 8.3-9.2 pg. 
Max.=JD 2419718.565+41034229E 
Elements and photographic light-curves by Robinson, Harvard Ann., go, 46, 56, 1933. 








| 
CS” A585 | 1927 Feb. 8 | 2424920.698 | 0.490 | b 0.7 
BEORS co iec0c:3s Oct. 28 5182.998 517 14.0 b 1.0 
AGED oboe a: Oct. 30 5184.045 0.777 | + 9.3 | b 1.0 
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TABLE 1—Continued 








| , 
Plate | Date JD Phase Pigeole Disp. Wt. 
| 





ST Tauri—Continued 




















C 4629 | 1928 Jan. 8 | 2425254.854 0.329 | + 3.1 b 1.0 
4043... Jan. 11 | 5257.828 .066 | —22.3 b 1.0 
2,0) ae | Nov. 4 | 5555-951 O04) = 2E.'6 b i..o 

y 17852... 1930 Nov. 3 | 6284.917 .660 | +12.0 b 1.0 
“ea | Nov. 4 | 6285 .937 .gI2 | + 3.6 b 1.0 

CU660 3 <5] Dec. 28 | 6339.955 .302 | — 1.6 b 1.0 

y 18028.......| Dec. 31 | 6342 .903 .033 | —20.9 b 1.0 

C 5907 | 1931 Nov. 3 6649 .022 .914 | + 0.3 b 1.0 
5956 | 1932 Feb. 18 793 0.628 | +18.0 | b 0.7 


i 
“I 
mn 

an 








SW Tauri 4>19™17*, +3°54’; 9.0-10.0 pg. 
Max.=JD 2419730.9036+1475836468E 


Elements and photographic light-curve by Robinson, Harvard Ann., go, 46, 56, 
1933. 0.55 day has been added to the epoch given to reduce it to maximum. 














C 4162.......| 1927 Jan. 12 | 2424893. 783 0.121 | +11.0 b £0 
BIOs 60s: Jan. 15 4896 . 807 .030 | + 8.9 b 0.3 
4188 7 Feb. 11 4923.747 .041 | + 8.4 b 1.0 
PRS aie ea | 1928 Jan. 9 5255-794 .714 | +14.2 b 0.7 
IQIQI | 1932 Oct. 12 6993 .031 699 | +35.8 b 0.7 
20010...... | 1933 Nov. 2 7379 .980 .039 | + 3.1 b 0.7 

ode rr Nov. 3 7380.906 .624 | +44.0 b 0.7 

y 20065.......| Nov. 30 7407 .832 .626 | +33.5 b t.9 
SOTOs....... Dec. 27 7434.750 .624 | +34.9 b O27 
20148... | 1934 Jan. 25 | 7403 .642 .868 | — 5.8 c L.O 
20836.......| 1935 Oct. 19 | * 8095.917 AO) Ses 7 b r.0 

SS: BOO. conic a Dec. 4 | 8141.874 .140 | +16.7 b 0.7 

y 20895...... | 1936 Jan. 6 | 8174.767 oir | + 3.4 b 1.0 
90038..:.. 1 Mar. 3 8231.628 816 | + 3.1 b 1.0 
20944.......| Mar. 4 | 8232.610 0.436 | +25.4 c r.6 

| 
| | 











W Virginis 13205 2°, — 2°52’; 9.8-11.1 pg. 


Max.=JD 2414848.19+17427169E 

Elements by Giissow, A.N., 244, 301, 1932. 6.2 days have been added to the epoch 
to reduce it to maximum. Photographic light-curve by Chant, Harvard Ann., 80, 225, 
IQI7. 
Bright hydrogen lines are present on 11 plates taken during the increase in the star’s 
light from phase 0.594 to maximum, but the emission shows no certain variation of 
velocity with phase. The mean velocity given by measures of Hy and H6 is —108.8 
km/sec. The large proper motion and high galactic latitude of this star are notable. 





| | | 

C 877.......| 1921 Feb. 15 | 2422736.988 0.747 | —34.9 b ° 
a Apr. 10 2790. 800 863 t..6 b ie 
OS ctave June 9 2850.712 | 0-332 —78.1 b I 


oon 








TABLE 1—Continued 


RADIAL VELOCITIES OF CEPHEIDS 






























































Plate Date JD | Phase iy Disp. Wt. 
W Virginis—Continued 
| | 
ae 5: ee | 1922 Mar. 9g | 2423123.919 0.150 | —94.0 b 0.7 
0 1924 Feb. 13 3829 .015 974 71.3 b 0.7 
0 1925 May 6 4277.705 952 77.3 b 1.0 
Baie acacia May 7 4278.771 .O14 88.2 b 1.0 
SAOG yo onica.s May 8 4279 .807 .O74 92.3 b 1.0 
i ee 1926 Mar. 24 4599 .906 607 43-4 b 0.3 
Cs Apr. 24 4630. 880 400 70.5 b 0.7 
ee 1927 Jan. 17 4898 .000 866 47.7 b 1.0 
yt. re Apr. 13 4984.816 892 69.2 b 1.0 
AQSO. css May 9 5010.835 399 61.8 b 0.3 
MRO 516. 5: May 10 5011 .729 .451 660.1 b 0.3 
CS eee June 16 5048. 747 504| 47-7 b °.7 
ABOR oss 1928 May 12 5379-778 .760 43.7 b 0.7 
oy ae | May 28 5395-724 0.683 | —33.4 b 1.0 
AL Virginis 1455™45%, —12°50’; 9.3-10.4 pg. 
Max.=JD 2425624.8+10%2974E 
Elements from Prager, Kleinere Veréff. Berlin- Babelsberg, No. 15, 150, 1936. No 
light-curve available. 
| | 
Co SO%R. une 1932 Mar. 15 | 2426782.910 0.466 | +29.2 b 0.7 
BOOB ais a's: Apr. 13 6811 .876 279 "I. b 0.7 
io). ae June 20 6879 .679 864 26.8 b 0.7 
3 .),7 oe July 23 6912.678 .068 22.6 b I.0 
oO er 1933 Mar. 5 7137.920 .942 21.7 b 0.7 
LOSOOs 0% +. Apr. 2 7165 .922 661 42.5 b 0.3 
Sa? err June 1 7225.681 464 28.2 b 0.3 
Y IO7tE.. ss July 3 7257.712 595 26.8 b 0.7 
©. Gases. 6.3% 1934 Apr. 21 7549 .862 946 17.3 b 1.0 
Yo BORIF. sick ns May 2 7560.826 O11 12.1 b 1.0 
20380...... May 3 7561 .802 .106 0.2 Cc 0.6 
C 6839. ...%. May 20 7578.674 744 30.0 b 1.0 
oo re May 24 7582.665 434 9.8 b 0.7 
oo) ee June 19 7608 . 693 0.660 | +48.9 b 0.7 
X Vulpeculae 19°53™109°, + 26°17’; 8.8-9.5 pg. 


Elements and photographic light-curve by Robinson, Harvard Ann. 


Max.=JD 2420636.248+6%319490E 


» 99, 49, 57, 1933. 





Atlas oie a 1926 Aug. 
OTs eee ae Aug. 
CO) Aug. 


17 
18 


20 





2424745. 


4746 
| 4748 


866 
: 722 
826 


| 


0. 308 


| .444 
0.777 


°) 


| 


| 
oo 


nn 


= CO 
Cre 


Ow 
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TABLE 1—Continued 








Plate Date JD Phase ei. | Disp. Wt. 











Km/Sec | 
X Vulpeculae—Continued 

CC OBOFS se o5.5 1926 Aug. 21 | 2424749.862 0.941 | —25.0 | b 1.0 
oe 1927 Nov. 7 5192.693 O15 | —30.5 b 1.0 
4024..... 1928 July 29 5457 .823 .969 | —24.3 | b 1.0 
are Nov. 4 5555-060 .451 hid b 0.7 
tre | 1929 May 20 5752.970 0.674 | +12.8] b 0.3 

| | | ! 





SV Vulpeculae 19"47™30°, + 27°12’; 8.0-9.6 pg. 
Max.=JD 2423561.26+45%212E 
Elements by Zacharov, Tashkent Obs. Pub., 1, 84, 1929. Photographic light-curve 
by Gerasimovit, N.N.V.S., 3, 80, 1931. 








y 0GAS7 cs: 1926 Aug. 23 | 2424751.859 0.334 | — 5.6 a ro 
TAG9G...6. s Sept. 19 4778 .653 .926 | +13.9 a rs 
TASS? .. =<. Oct. 16 4805 .646 592.) —- 2.0 a 1.0 

C 4283.......|:1927- June 7 5039 .984 .7006 | + 9.4 b 1.0 

y PETES... ..5 0% Aug. 5 5098 . 906 .o10 | —23.1 a Es 

EROS. rcs ow a Oct. 29 5183 .632 884 | +23.5 b 1.0 
BEBO. oa 5650s Nov. 7 5192.642 .083 | —27.6 a cs 

Y TS7EAs «0% 1928 Apr. 28 5305 .922 .g16 | +11.1 a rs 
Cos Apr. 29 5300.951 938 | + 4.6 a r.s 
ae Apr. 30 5307 .984 .g61 | — 7.9 a rs 

2 May 13 5.380.994 0.249 | —13.0 b bss 























a 





i 
| 





TABLE 2 


RADIAL VELOCITIES OF CEPHEIDS 


OBSERVATIONS OF ADDITIONAL CEPHEIDS 
















































































| 
: =. Vel. ~ : 
Plate | Date JD | Phase Sete Disp. Wt. 
| 
KL Aquilae 19°56™35°, +15°32’; 8.5-9.5 vis. 
Max.=JD 2425857.84+640989 E 
Elements by Nabokov, A.V ., 241, 192, 1931. 

C 0330... | 1933 Nov. 4 | 2427381.653 0. 850°) ‘F321 c 0.6 

y 20061 Nov. 27 7404 .646 620 | — 6.7 b 0.7 

C 6420. | 1934 May 20 7578.984 .206 | +17.8 b 1.0 

y 20399.. May 21 7579.965 3606 | —16.3 b 1.0 

C 6442... | June 21 7610.983 .452 | —17.2 b 1.0 

6536... Sept. 18 7699. 760 .009 | + 7.8 b 1.0 

y 20842.... 1935 Oct. 20 8096. 731 0.0907 | + 3.7 Cc 0.6 

AS Aurigae 5'59™4°, + 28°48’; 11.5-12 pg. 

C623... | 1933 Oct. 29 | 2427375.006 +26.9 € 0.6 

© 6352. | Dec. 25 7432.771 +35.8 € 6 

y 20949... | 1936 Mar. 4 8232.833 —14.6 c 2 
21088... | Nov. 6 8479.910 +22.6 c 6 
2EETS | 1937 Feb. 1 8566. 885 + 1.9 c 0.4 

176.1932 Canis Majoris 6"15™33°, — 21°37’; 9-10 pg. 
Cc O24... 1933 Mar. 4 | 2427136.683 | +47.9 c 0.6 
6632.. 1935 Mar. 17 7879.630 | are 72.4 Cc 6 

y 20867 Nov. 8 SEES. 072° |... A 66.7 c 6 
20889... . Dec. 8 8145. 869 | cae 40.7 c 6 

C 6833 1936 Jan. 3 8171.840 | ere +57.1 c 0.6 

BP Cassiopeiae 1°8™25*, +65°5’; 10.8-12.3 pg. 
Max.=JD 2426034.25+115064E 
Elements by Beljawsky, Pulkowa Obs. Circ., No. 6, 22, 1933. 

+ 20606. ....... 1934 Oct. 20 | 2427731.828 0.911 | —48.5 c 0.2 
20637 Nov. 14 7756.802 .489 11.6 c A 
20821.. 1935 Oct. 8 8084 .903 204 65.1 Cc .6 
20835... Oct. 19 8095 . 837 552 25.8 €c 4 
20844.... Oct. 20 8096 . 833 214 35.0 c 6 
20904.... 1936 Jan. 9g 8177 .663 871 43.8 c 4 
20934. . Mar. 2 8230.637 037 65.7 c 2 
RIO7G....5... Oct. 8 8450.958 . 294 40.7 c .6 
BTOOTs 2660s Nov. 6 8479.796 437 63.9 c 6 
Oe 1937 Jan. 4 8538.769 0.586 | —51.4 c 0.6 
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. ; Oey Vel. . 
Plate Date JD Phase Km/Sec Disp. Wt. 
AK Cephei 22"25™11°, +57°42'; 11.6-12.6 pg. 
Max.=JD 2427273.26+712399E 
Elements by Zonn, Beob. Zirk., No. 22, 1935. 
Y ROBEO: bs ss ss | 1935 Nov. 5 | 2428112.736 0.689 | —71.0 Cc 0.6 
20565. ...-<. Nov. 8 8115.819 <3U7 53.0 c 6 
C 6934.......] 1936 July 11 8361.974 377 29.3 c 4 
WORD. 6525.8 | Aug. 27 8408 . 936 .864 58.5 Cc 6 
ee Sept. 8 8420 .873 ‘S52 30.0 c 4 
a ae Sept. 9 8421.917 .656 33.6 c 6 
YF BEEOR. «65s | 1937 Jan. 4 8538.667 0.782 | —62.0 } ¢ 0.6 
| 
GH Cygni 19555™6*, + 29°11’; 10.1-11.5 pg. 
Max.=JD 2424738.76+798176E 
Elements by Oosterhoff, Harvard Bull., No. goo, 10, 1935. 
C 6083.......| 1932 July 24 | 2426913 .868 0.232 | — 7.3 c 0.4 
yy T0025. .: | Aug. 19 6939. 872 .558 | —33-9 b O53 
6198... Sept. 11 6962.785 .489 | —34.0 b 0.3 
y 19260 | Nov. 9 7021 .626 .o16 | —11.2 b 1.0 
19273 NaN Nov. 11 7023 .618 .271 | —10.3 b 0.7 
Q086........] F035 Nov. 6 8113.685 .708 | —23.1 c 0.6 
21011.......| 1936 May 31 8320.939 ,220 | —28.3 c 0.6 
21035 July 7 8357.819 037 | + 3-4 c 0.6 
C 6946 July 30 8380.958 .897 | — 7.4 c 0.4 
y 21046 | Aug. I 8382.8065 0.141 | — 8.9 c 0.4 
GL Cygni 20%o™1', + 38°53’; 14.0-15.2 pg. 
Max.=JD 2427312.0260+3137040E 
Unpublished elements by Baade. 
lige | 1933 Aug. 30 | 2427315.861 0.138 | —40.5 c 0.4 
6560 | 1934 Oct. 19 | 7730.708 223 93.3 c 6 
6747 2.55. | 1935 July 7 | 7991 .gOI .719 59.9 c 6 
ee July 8 | 7992.943 0.028 | —23.3 c 0.6 
ie I | 
V 343 Cygni 20"0™30°, +38°40'; 14.1-15.4 pg. 
Max.=JD 2427313.1890+11%9290E 
Unpublished elements by Baade. 
eS) ee 1933 Aug. 29 | 2427314.875 ©.14I |—107.5 c 0.2 
BROS. 6... 50s crs 1934 Aug. 20 7670.806 sO70: 1 - 227.5 c .6 
2 c 0.4 


6964.......| 1936 Sept. 10 8422.792 0.017 |—105. 
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RADIAL VELOCITIES OF CEPHEIDS 


Continued 





















































Vel. | ; ’ 
Nata atm | ~hase | Ss 
Plate Date | JD Phase Km/Sec | Disp Wt. 
| | 
V 386 Cygni 21"10™5 2°, +41°18’; 10-11 pg. 
Max.=JD 2427977.09+54238E 
Elements by Seliwanow, Beob. Zirk., No. 12, 1936. 
yp | oe | | 
> Y | | | 
y 21083 | 1936 Nov. 5 | 2428478.706 | 0.765 | —14.7 c | 0.6 
) | | > > | ) > 
ZIOOS is | Dec. 5 | 8508.677 | 487 | —38.8;) c¢ | 6 
21128 | 1937 Apr. 23 | 8647 .988 083 | —14.2]} c | .6 
21134 | Apr. 24 | 8648.988 | 0.274] + 6.9 | c | 0.6 
| 
CN Lyrae 18"37™215, +28°38’; 11.0-11.6 pg. 
Max.=JD 2427770.31-+2933596E 
Elements by Florja, V.V.V.S., 5, 109, 1937. 
| ea | 
C 666s. | 1935 May 10 | 2427933 .860 0.014 | +36.3 € 0.6 
6687.....5:! June 8 | 7962.319 | 411 | — ea OS 0.6 
6753 July 9 | 7993-700 | .631 | +26.4 b 1.0 
Mt BOBS. 563s Oct. I9 8095.649 | i? We eee ee c 0.6 
20848... | Nov. 5 8112.648 | 551 | +15.4 c 0.6 
21032 .5¢~:. | 1936 July 1 8351 .793 927 | +26.9 c 0.6 
CS 662. ses July 11 8361.809_ | 253 | +29.3 c 0.4 
604650656. July 28 | 8378.774 | 477 | — 0.8 Cc 0.6 
Y 21050... ... | Aug. 2 | 8383.774 | 0.618 | +41.9 c 0.6 
SZ Monocerotis 6°46™25*, —1°15’; 10.4-11.4 Vis. 
Max.=JD 2425232.4+169382E 
Elements by Dubiago, A.N., 239, 16, 1930. 
| | | 
C 61g2 | 1932 Oct. II | 2426992.034 | 0.413 | +66.0 = 0.4 
a oe | Nov. 9 7021.045 | .184 | +37.4 c 0.6 
6193 1933 Jan. 4 7077.860_ | .652 | +70.3 c 0.4 
6504 | 1934 Dec. 14 7786.983 | .938 | — 5.4 c 0.4 
Y 20739 | 1935 Apr. 20 7913 .665 671 | +29.5 c 0.6 
20861 | Nov. 7 8114.040 903 | + 2.1 c 0.6 
20906 | 1936 Jan. 9 8177.768 | .793 | + 6.4 c 0.6 
200927 Feb. 5 | 8204.806 | .443 | +20.1 c 0.4 
20970 | Mar. 28 | 8256.674 610 | +28.6 c 0.4 
21085.. Nov. 5 | 8478 .913 .176 | +16.9 c 0.6 
21006 Dec. 4 | 8507 .870 .943 | +27.7 c 0.6 
BIIOR. << s0-e ch | Dec. 5 8508.889 | .005 | +34.3 b 1.0 
i) ee | 1937 Jan. 4 8538.804 | .837 | +31.7 b 0.7 
21107.......| Jan. 31 8565. 702 473 | +56.0 c 0.6 
BEVIS 5 | Feb. 1 8566. 783 | 0.539 | +66.6 c 0.6 
| 



















































































406 ALFRED H. JOY 
TABLE 2—Continued 
| 
Plate Date D Phas bey Dis Ww 
ate ate J ase Km/Sec isp. t. 
TZ Monocerotis 655 2™54°, —o°15’; 11.0-12.2 pg. 
Max.=JD 2425615.36-+714284E 
Elements by Oosterhoff, Harvard Bull., No. goo, 11, 1935. 
| , | | | 

ee | 1932 Nov. 10 | 2427022.002 | 0.360 | +37.4 b | 0-7 
19278...... Nov. 12 | 7024 .006 | .630 52.8 b 3 

C 6107.......<) 199s Jen. <4 | 7077.828 | .875 | 50.6 ec 6 
6606... . as | 1934 Dec. 16 | 7788 .000 | 478 | 23.5] Cc 4 

190702... ...- | 1935 Feb. 14 | 7848 .774 .659 | 40.7 | ¢ ‘2 
SOOT 6: sc | 1936 Jan. 9 8177.801 .952 27.3 | c 6 
ro), ee | Feb. 4 | 8203. 860 .460 26.7 | © 4 
BXIOS 6c. 6s) | 1937 Jan. 31 | 8565. 781 | 0.189 | +47.7| Cc 0.6 

| | 
! ! | 
XX Monocerotis 6°47™11%, — 2°41’; 11-12 pg. 

Ogee. eee 1933 Jan. 5 | 2497078.88s |........ +85.0 c 0.2 
te 1935 Apr. 12 joe! ll 44.9 Cc 2 

*y 120008 .6.o. us. 1936 Jan. 9g Or re © ae 43.9 c 6 

CS ese. .i4s.<: Oct. 24 ee a 67.2 Cc “2 

Y - 21080)... Nov. 6 $499 -008 1.2.65... +63.3 c 0.4 

VW Puppis 7527™25%, —19°56’; 11.2-12.1 Vis. 
Max.=JD 2425184.67+4428405 E 
Elements by Oosterhoft, Harvard Bull., No. goo, 11, 1935. 

a re | 1933 Apr. 5 | 2427168.694 0.119 | — 3.0 c 0.2 
a Dec. 25 7432.875 .785 | +43-9 c 4 
6367.......] 1934 Feb. 20 | 7489 .740 .058 | +16.0 Cc 2 
6626...... | 1935 Mar. 16 | 7878 .667 .843 | +29.5 c 4 

Y 20000... >. | 1936 Jan. 9 | 8177.890 .689 | +34.0 c 4 

a | Apr. 11 | 8270.663 0.345 | +29.5 C 0.4 

| 
VX Puppis 7528™19*%, — 21°43’; 7.8-9.4 pg. 
Max.=JD 2426961.2+34012E 
Elements by O’Connell, Riverview Pub., 1, 15, 1935. 

i BOSOT ....<.-.5:. 1933 Jan. 3 | 2427076.875 0.405 | +32.1 b 1.0 

bes 2... Apr. 5 7168 .628 .867 | — 1.5 c 0.6 

y 20066: . 2.5 « Nov. 30 7407 .927 .316 | + 7.7 b 1.0 
BOTOF © onc ws os Dec. 27 7434.936 .283 | — 4.0 b 1.0 
See 1934 Jan. 26 7404.795 0.196 | — 4.3 c 0.6 
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RADIAL VELOCITIES OF CEPHEIDS 407 
TABLE 2—Continued 
Plat Date JD Phase Vet. Dis Wt 
e e ase Cin sten isp. - 
VX Puppis—Continued 

C 6633.. | 1935 Mar. 17 7879 .689 0.943 | +12.6 b 1.0 

vy 20807....... | 1936 Jan. 6 8174.806 954.1 — §23 b 1.0 

a Feb. 2 8201 .862 .g06 | — 5.3 c 0.6 

y 20948..... Mar. 4 8232.766 .167 | + 8.5 b 1.0 

20069... ’ Mar. 28 8256.626 088 | + 2.0 b 1.0 
BIOOF se s.04 6 Dec. 4 8507 .955 . 53% | -Fag.3 Cc 0.6 
BEEODs 2.5.0: | | Dec. 5 8508 .956 0.863 | + 2.4 b 1.0 
AP Puppis 7'54™18*, —39°51'; 7.6-8.7 pg. 
Max.=JD 2427341.25+51084E 
Elements by O’Leary, A.N., 257, 391, 1935. 

CC <Gobsie.'sack 1937 Feb. 17 | 2428582.773 0.196 | +41.2 c 0.2 
MOOS. s: 0:6 ic Mar. 19 8612.684 .O79 37.4 c 2 
2010... . Mar. 20 8613 .661 272 ae.5 c 4 
GORE a s.s-s Apr. 21 8645 .656 565 49.4 c 2 
OT 5 incite Apr. 22 8646 .653 0.761 | +52.4 c 0.2 

AQ Puppis 7554™20%, — 28°52’; 9.0-10.9 pg. 
Max.=JD 2427519.14+22%92E 
Elements by O’Leary and O’Connell, A. N., 259, 390, 1936. 

Oe oC 1933 Mar. 2 | 2427134.772 0.153 | +15.5 Cc 0.4 
Cie 1935 Feb. 10 7844 .847 886 56.5 c 4 
6627 Mar. 16 7878.729 o18 35.5 c 6 
re 1936 Oct. 25 8407 .024 681 63.6 c 6 
6984.....065 1937 Feb. 17 8582.729 0.548 | +37.0 c 0.2 

AT Puppis 858™40*, — 36°39’; 8.0-9.4 pg. 
Max.=JD 2426758.205+6466481 E 
Elements by O’Connell, A.N., 257, 391, 1935. 

© 6086. ..545. | 1937 Feb. 17 | 2428582.830 0.770 | +33.7 c 0.4 
"OO6. ics. Mar. 19 8612.719 .254 12.3 Cc 6 
BORED a's aos Mar. 20 8613.701 402 33.8 c 6 
FOAQE 6a s | Apr. 20 8644 .685 0.051 | + 9.7 c 0.4 


















































408 ALFRED H. JOY 
TABLE 2—Continued 
Vel. P | ; 
late ate ) »*hase : | Disp. : 
Plate Date | ji | Phase Km/Sec | Disp | Wt 
| | | 
V 377 Sagittarii 18542™14, — 20°14’; 13.6-15.0 pg. 
Max.=JD 2426077.535+16417076E 
Elements by Martin, B.A.N., 6, 232, 1932. 
| | | ies Soe 
CS G298 wc mes | 1933 July 2 | 2427256.903 0.932 | +29.4 | Cc 0.2 
6539 : 1934 Sept. 19 7700.685 370) 224 c 2 
6543 F Sept. 20 | 7701 .688 | 0.438 | —29.1 | c 653 
| 
V 410 Sagittarii 19"0™1 3°, — 18°33’; 12.6-14.1 pg. 
Max.=JD 2426082.83+1347835 E 
Elements by Martin, B.A.N., 6, 232, 1932. 
: ) ‘Seaman saan 
C 6078 | 1932 July 23 | 2426912.809 | 0.216 | —29.4 | c | 0.2 
GEIO. 3.4/5: | Aug. 23 | 6043.740 | .460 | 0, ¢ | 2 
6272 | 1933 July 13 | 7267 .835 | 973 | +19.5 | c | 6 
a)? |: rere | 1934 June 23 | 7612.885 | 0.006 | ase | °C | 0.4 
| | | | | 
BW Scuti 18542™38, —4°52’; 11.8-13.6 pg. 
Max.=JD 2413752.67+31823E 
Elements by Harwood, Harvard Bull., No. 880, 12, 1930. 
' | | saa] | 
C 6262... | 1933 June 30 | 2427254.924 | 0.848 | +20.6| Cc 0.4 
O250... Aug. I 7286 .823 | 1g2 — cs 2 
G300% 5... Aug. 31 | 7316.750 | .020 | + £S | 2 
6761.. | 1935 July 1o | 79094.927 .414| — 8.8] Cc 2 
6944 July 30 | 8380 .823 354 | —19.7 | c¢ 4 
6058... <2. | Sept. 8 | 8420. 760 O,80r |) +-14:5 | c 0.4 
AA Serpentis 18536™11°, —1°12’; 13.8-15.4 pg. 
Max.=JD 2425475.68-+174155E 
Elements by Oosterhoff, Harvard Bull., No. goo, 12, 1935 
eae | 1932 Sept. 12 | 2426963. 722 0.741 | —56.7 c 0.4 
eee | 1934 July 23 7642.844 .328 | +25.0 c 2 
6608)... 25... 1935 June 11 7905 .844 -157 | +24.9 c 2 
5 July 9 7993 .872 .790 | —46.7 c 4 
6060.....5:. 1936 Sept. 9g 8421.712 0.720 | —28.8 Cc 0.4 
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RADIAL VELOCITIES OF CEPHEIDS 427 


In Table 4 the various data available for 155 Cepheids observed 
here and elsewhere are collected. Most of the columns need no ex- 
planation. The fifth and tenth give, in percentage of the period, the 
time from minimum to maximum light and from greatest velocity of 
recession to greatest velocity of approach, respectively. The eighth 


TABLE 3 


COMPARISON OF LICK AND MOUNT WILSON VELOCITIES 








Star Mag. Spec. 4 ot Diff. ae 
sal oh. ates 


km/sec | km/sec 


Boss 772 1.9 cF4 — 2.1 — 1.4 +0.7 4 
1806 &.2 cG2 — 8.1 — 6.9 +1.2 6 
4443 3.0 cG2 — 20.9 —20.1 +0o.8 13 
4707 5.0 cF8 —II.3 — 9.8 +1.5 14 
5229 $2 cF7 ~ 24a bees +4.1 I 
5255 4.1 cF4 —18.6 —14.6 +4.0 2 
5676 3.2 cG1 T7o 133 4.9 4 
6135 4.8 cGo —42.5 —46.5 —4.0 II 























and ninth show the-lag of the velocity-curve at maximum and mini- 
mum of light, respectively, also in percentage of the period. Positive 
signs indicate that the extreme values of the velocity-curve occur 
later than the corresponding extremes of the light-curve. The values 
in these four columns were read directly from the curves of light and 
velocity when plotted according to decimal fractions of the period. 
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TABLE 4 
CHARACTERISTIC DATA OF CEPHEID LIGHT- AND VELOCITY-CURVES 























Vel Vel. 
See Period Median} Light Light |Normal; Vel. Lag at | Lag at Vel 
: Mog Range | M—m Vel. Range | Max. Min. € 
Light Light 
eins mag.| % | km/ | km/ % % % 
’ pg. per. | sec sec per. | per. | per. 
U Aql 7-02) 9.3 | ‘o:9 33 |— 7.0] 41.6] +2]4+ 5 30 
SZ Aql 17.14] 10.4] 2.0] 34 |+ 9.5) 64 +15 | +13] 35 
DAMAGE. cs £20951 3825 [9°] “36 0.0} 52 +10] +14] 32 
PE AG) 3:3 3 4.47, 6.0] 0.6] 45 |—14.4] 14.2} +7|]+ 6] 36 
FM Aqdl..... 6.11] 9.6 1.2 39 |—12.0}] 35 +24 | +31 31 
FN Aql.... 9.48] 10.4 1.0} 50 |+ 8.0) 40 +12 | +17] 44 
KL AGI. .... 6.10] 10.0 1.6 $3. == .235) 42 ; ee ee 
PLA, a,+ <1. 8576) 13-0 1.1 4 — 32.0] 39 o}|—2 42 
VissGAGl..;..:| “7gT] 2oO-8 p24 32 |+11.5] 53 +1/-— 8 41 
n Aql 7,38) 5.0 1.6 32. « |—15.1| 41.7 | + 6] +14 24 
| 
¥. Agr... 3.86] 9.7 1.0 34 |+ 8.5] 30 o}] — 3 36 
RE AME...) 3 73| 6.0 r<3 27 |+21.4 + 7| +14 20 
RA Aur, .....:1 FDOa} 8,3 r.0 43 | at.0|.27 o/|/+o 33 
Se AEs 6.5 ieEOetal woe 1.0 46 |— 2.0} 30 —14 | + 6 26 
¥ZAur......) 38. 19}:10.8 r.2 43 |—20.5] 58 +16} +16] 43 
AN Aur.....} 10.29] 11.8 I 46 |— 9.5| 37 —18 | —10 | 38 
AO Aur..... 6.76! Oe 1.7 37. |—-14.5] 40 +5 | +23 19 
AS AME oodles ass ol BECO PS oo eee STEN Ae hie 
RW Cam....| 16.41) 0.4 0.9 33 |—25.5| 62 +15 | + 2 46 
Raceam....1..7.9¢e) 3.7 1.1 36 |—35.0] 48 Ae 
RW CMa.. 5.73} 12.0] 1.3] 21 |+50.0} 57 +12}+ 5] 27 
RY CMa....| 4.66) 9.0 Es 26 |+37.5| 48 +17 | +12 31 
SS CMa. T2257) FY -4 bus 43 |+60.0} 22 +15 | +32 25 
TV CMa. 4.67] I1.9 co 20 |+39.0] 35 — 2]|-17 oN 
TW CMa. 7.00] 10.6 1.0] 35 |+66.5] 40 +1] -—2 38 
176.1932 CMa.. oat “Ons “Re, +56.5]..... ae ee 
WACar be asaeen wise 1.4] 37 |+ 4.1] 40.3 o |} +10 27 
ROAR. 253] 6280) TE6 hoe 37. |—25.0| 38 + 1 | +20 17 
RW Cas.....| 14,80) 10.1% i.2 36 |—63.0] 53 +12 | +10 29 
mY Cas ;.; 12.14] I1.0 1.8 43 |—70.0] 46 +7/+ 2 48 
SU Cas.....] 2-95] 6.8 1 0.2 | 46 |— 7.0] 22.0] — 3 5 | 48 
SW Cas.. 5-44] 9.9 0.7 27 |—38.0] 32 —1/—4 29 
Se 008... +) hs ORP OF 0.8 28 |—43.0| 52 +10] —II 40 
SZ Cas.....} 13.60} 10.8 0.5 30: |=@3 8) 28 fic sos ee 
2 Cas... 2.14) 8.3 0.7 39 |—22.2] 35.1| +2/+8 33 
UZ Cas.... 4.26] 11.9 ee, 35. I—5I.0| §2 — 3|+4 27 
VV ‘Cas....:.. 6.21} 11.0 to 31 —50.5| 33 +24 | +15 30 
Ww tas... £60) I1.] I.2 33. «|—58.5] 52 +20/+ 5 48 
BAGS: 3. 4.50] 10.5 0.6 29 |—42.0] 30 + 2] —16 40 
AP Cae:.....| 65881) 32:5 1.2 31 |—44.5] 16 +13 49 
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TABLE 4—Continued 

















Vel. Vel. 
Sia —s Median| Light | Light asin, Vel. Lag at | Lag at Vel. 
r Mog Range | M—m Vel Range | Max. Min. € 
| Light | Light 
days mag. % km km % % % 
pg. per. | sec sec per. | per. | per. 
BP'Cas.....7) 4, 55-Er.6 I.5 |......]/—42.0} 48 See Pena ogee 
BY Cas.....| 3.24] 12.0] 0.9] 46 |—44.0} 44 —3]1-—6] 49 
CG Cas: «..; 4.36] 12.6 0.9 25 |—87.0}] 42 +13|/ +09 28 
46.1932 Cas.... 9.79| I1.0 oo 0 ee —71.0] 20 ee ee ae 
AK Cep... 7.94) 12.1 1.0 33 1—52.5| 53 o|-—-9 2 
6:Gep:.. Baa, Ace 0.6 29 |—15.6] 39.5 o | +10 21 
X Cyg....| 16.39] 7-4] 1.4] 34 |+ 9.3) 56.1| +4] +4] 34 
SU Cye.<...) 3:85) 723 1.0 29 |—35.8] 47.0] + 7] +13 23 
ae Cye......| EScat 1O.3 1.3 50 |—17.0] 32 + 6} +40 5 
PAO CVe. cc) Pec Tey Lee 1.9} 33 {—10.0} 46 +7/+ 3 3 
VX Cyg.. 20.13] 10.4 0.8 37 |—18.5] 61 +18 | + 6 50 
VY Gye... 7.86} 10.7 1.2 27 |—10.5] 34 o|+o 18 
VZ Cyg.. 4.86] 9.5 0.9 33 1—-16.5] 34 +5/]-+1 28 
BZ Cyg.. 10.14] 11.6 0.8 37 |—17.0} 61 o} +1 7 
CD Cyg.. 17.07} 9.8 ‘5 33 |—11.0} 68 +io}/+ 7 36 
DE Cys. ...) 2801, $:6 0.4 48 |— 0.5] 17.0 o| — 3 51 
GH Cyg....| 7.82] 10.8 1.4 27 |—16.5| 37 jhSca as ae 
GE Cye..:.} 5.33) 14.6 1.2 — 68. cl... + me eens | ne 
MW Cyg....| 5.96] 10.5 1.0 29 |—13.0} 26 +12} + 3 390 
MZ Cye. .: .|) 25.37) 12:8 2.0 26 |—52.0] 50 +27} +4 49 
V 343 Cyg....| 11.93] 14.8 By —93-O]. 0... [eee ee efere ee efeeeees 
V 386 Cye: .:..) §.24) 10:5 1.0 30.94... Lyte art 
B Dor....:) O.84F 5:0 oe 49 |+ 5.8] 37.0 o;|+ 6 43 
W Gem....| 7.91] 7.4 ee 32 |— 0.7| 33.4] — 8] + 5 19 
RZ Gem... 5.531 10.6 3 33 I+ 6.5] 25 + 6 ° 40 
AA Gem....} 11.30} 10.6 0.9 49 |+ 9.5] 30 + 6] +20 35 
AD Gem....| 3.701 9.9] 0.8 36 |+36.0] 72 +6/1+ 3 8 
& Gem... FO: F5) 4:5 0.6 50 |+ 6.8 28.5 o| — 5 55 
AP Her.. 10.42] I1.9 I.4 2 |—29.5} 40 +27 | +36 3 
BB Her. @. sil 10.1 1.0 34. |+oQ1.0] 24 + 2] +11 
BL Her.....| 4.20] 10.6 0:6'|..% +14.5| 27 eee Pees | | eee ee 
V Lac...) 4.08) -o-3 1.2 23 |—20.0}] 40 +19 | +13 20 
>. 2 i aa 5.44] 9.1 0.6 38 |—26.5] 29 +o] +12 34 
VY BAc....:) 4.40) S16 aig 33 |—18.0] 39 +2/+ 8 27 
4vac.....| 10:30] 9.2% Ls 42 |—25.0| 44 +7/+ 5 43 
RR Lac... ... 6.42] 9.3 1.2 30 |—35.0| 26 +5/+ 3 32 
BG Lac.....| §.44) 0.2 Oz 31 |—19.5| 34 +4]/-—4] 40 
RX Lib. . 24.95] 12.6 1.9 42 |—58.0] 29 +32 | +40 33 
CN Dyt:......:) 23a 3.3 0.6 Sh TOR: OF AG boats. cha ces ones vee 
© Mon... | 27sOt) 753 1.6 2 |+ 32.0] 50.5 ° ° 32 
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TABLE 4—Continued 






































Vel. Vel. 
line ee Median| Light | Light |Normal] Vel. | Lag at | Lag at! Vel. 
‘ Mpg | Range| M—m| Vel. | Range | Max. Min. € 
Light | Light 
days mag.| % | km km % % % 
; pg. per. sec sec per. per. per. 
SV Mon.....:.1-1§223] 9:4 1.6 32 |+26.5] 66 +10} +14 20 
SZ Mon... .} 16.38} 12.1 1.6 Bo TERRE COMOO. 1s be: ieracew« eee 
TX Mon....} 8.970) 12-5 0.9 46 |+51.0] 40 +1] — 5 51 
TZ.o80n:..:| 7.43) 19.6 ae STO feo? a re (ere box say Merce ss 
WW Mon....| 4.66] 13.6 1.6 31 |+56.5] 57 +5/]1+ 6] 30 
Des | a) te Pres eso erent SPA es, hele a archive nalitss-sars 
AC Mon....} 8.02] 10.8 1.3 | 60 |-+40.5] 62 +5 |]+24] 41 
S Mus... 9.66} 6.9 1.0 | 45 On01- ae. Nee caw. +14 
Sewer. «24 Os 95h Oo 0.8 50 |— 6.5] 37.0 o| +14 36 
Won...) 27.98) 723 °.9 47 |— 6.1] 19.8 | +20] + 3 64 
BE Ooh. ....| 4.07) 8.2 O.F 32 |—3n. 5] sx == 2) ==% 41 
BH Oph. ... .| 11205] ‘13 7 te hs | ee +33.0] 50 +16 ~ 32 
RewOr:...... 724) On 1.2 31 |-+42.0] 45 o | +10 21 
CROr.. .. 4.91| 12.8 | 0.7 34 |+40.5] 34 +15 | +1¢ 20 
CSOn.....| 3-89] 13.5 | 0:9 | 27 [435-5] 43 T1441 +7] 34 
Se O12) 5-2 0.8 | 48 |+36.5| 31.0] + 9] +30 18 
SV Per... E.¥5) | O23 0.9 490 |— 6:5} 36 +19 | +17 4! 
0 8 4.29] 12 13 25 |+ 5.5] 56 + —19 | 45 
UES eo ae 4.57| 12.6 1.6] 33 |—41.5] 46 +1 +10 24 
WY Per... 6.991, 1204 res 20 |—59.0] 26 + 3] -—II 39 
VX Per.. 10.90} 10.0] 0.9 53 |—33.0] 30 o | +21 32 
VX Per.. 5-53], 12-3 | 1 32 |—39-5] 39 +a4i+1] 34 
AS Per... 4.97| 10.6 1.2 27 |—25.5| 30 +15|+ 2 41 
AW Per.....| 6.46] 8.8 I.2 32 |-F13.5] 40 +3/-—5 40 
x Pup.....| 25.96] 9.4 r.8 | 20° [+-6x.5| 7% +12 | +14 19 
RS Pup. | 41.34, 8.4 2.1 23 |+19.0] 58 +s5/+5 22 
VW Pup | 4.28] 12.5 1.4 25 |+24.0} 41 = ae en, ear 
VaAe@ep....| 3.01] 8:6 z6 BS MATS ONAO:  Wicces « slve sees 
VZ Pap... .| 23.17) 11.6 1.8 18 |+49.0] 34 +1i9/+ 8 20 
WW Pup... 5.52] 10.9 r.4 | 25 |-87,0l\ 34 +4] — 3 
WX Pup. 8.94] 10.7 Dat 20 |+49.0] 46 +15 7 2 
WY Pup. 5.281 25S ra 21 |+44.0} 41 + 6] —16 2 
WZ Pup. 5-03] 12.1] 1.3] 34 |+64.0] 34 +3i1+31!] 34 
AD Pup. 13.60] 10.5 2.0} 38 |+67.5] 54 +8] +11 34 
AP Pup.. 5.08] 8.1 ee I Peete, orice satis leaves ate swe 
AQ Pup.. 29.92] 10.0 “ey al epee +41.0} 52 +17/— 5] 38 
AT Pup... 6.66] 8.7 ee OG aieie eee a ssc aleve Mass | wonteeee 
S Sge... 8.38] 6.3 1.0 34 |—10.3] 41.1 | + 3 | + 8 29 
U Ser...:.| 6074) 7:0 I.2 32 |— 2.0} 38 + 9 | +20 21 
W DSP... 7 59) 5.2 1.8 32 |—25.0] 41.7 | — 2 ° 21 
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TABLE 4—Continued 





























Vel. Vel. 
: ; Median} Light | Light |Normal] Vel. | Lag at | Lag at} Vel. 
Star Period | yy, Oy aa Vel ined id Mi 
pg ange i m el. ange Max. Min. € 
| Light | Light 
pl 
days mag.| % | km km/ | % % % 
: pg. per. sec sec per per. per 
MO SeP.. J ASE Sia ¥.2 35 |—13-5| 30.4 | + 1] +10 26 
OE cs 5.797] 6.2 tI 3G Pe Sal FORO bo cel va been cies 
VY Ser........] 33536) 430 2.1 35 |— 6.0] 60 +17 | +22 29 
WZ Ser...... 21.85] 9.0 2.2 36 |—I11.0} 62 +11 | +16 30 
Me OSF:....-1 Gaal os 1.2] 32 [+ 2.5] 57 +11} +18 | 24 
¥Z Sar... oO. 55) S:6 0.8 36 |+18.5] 34 Oo} +17 19 
AP Sor. .c. S066 9.9 1.0 30 |—18.0] 21 +3 ° 33 
AY Sar... 6.57} 12.0 I.4 34 |—26.5] 73 +9] +10 33 
BB Sgr.....| 6.64] 7.6 1.0| 32 |+ 7.5] 48 +4/]-—2 38 
Vi 350 Ser. .... 5-15] 8.0] 0.9] 34 I+ 9-5] 39 + 5]| +10 29 
Vio77 Ser. ... 0 20.29) tac Ei4| 48 [— 0}. |. Res 
V 410 Sgr... 13.78] 13.3 1.5 | 41 |+ 5.0}. Tiss «a Rel a ate eee 
RV Sco 6.06] 7.6 ri 33 |—-17.5| 43 + 1] +10 25 
RY Sco 20.31) 8.0 ma 36 |—17.5| 39 +6/+4] 38 
mx Oct. . 4.20] 10.4 1.2 36 |+ 7.0] 38 | +4/]+ 8 32 
Y Sct. 10.34] 10.4 1.0] 44 |+ 6.5} 36 | +18} +8] 54 
fr ee... I2.g0] 10.4 1.6 2 |+29.5] 40 | +10 | +19 33 
RU Sct. . 19.70] 10.6 2.2 28 |—14.0] 50 | +18| + 1 44 
So Sct. . 3.67] 8.4 °.9 38 |—14.0] 26 | +14] +30 22 
TY Set. II.05] 12.6 rv] 45 |I+ 6.5] 53 | +4 |+ 3 46 
UZ Sct. 14.75) 12.4] 0.9 14 |+12.0] 41 | +9] +25 23 
BW Sct.. 3.82| 12.7 1.6 2.647 s.- : 
BX Sct 6.41] 13.9 P34 28 |-—17.5| 50 | : 
AA Ser. 7.132) t4a.6 1.6 AS t= SB. Rboc..: brads 
SF Vai... 4.03} 8.7] Og] 29 |+ 1.0] 38 | +7 | —10 | 46 
SW Tau. 1.581 9.5 | 0.9 | 32 |+17.0] 38 | -—3/—s5] 23 
Se eat. . ..f BcESt 250 0.6 63 |— 3.2] 21.9 | +10 | +25 48 
R TrA.. Kh | A gh I.0 33, «| —18.9} 32.0 | +13 | + 5 41 
S TrA. 6.32] 6.9 1.2 34 |+ 2.0] 38.0] + 3 | + 6 31 
W Vir.. 17.27] 10.4 ¥<3 35 |—66.0] 67 +8/+ 9] 35 
AL Vir 10.30] 9.9 E21 40 |+23.0/ 35 | +16} +10] 46 
T Vul... 4.44] 6.4] 0.9] 30 |— 1.4] 35-3} +2} +4] 28 
U Vul... 7.99} 8.2 1.0 S (30.9) S0.G hs. oivendaele ere 
X Vul... 5.32) 9.2] 0.7] 34 |—13.0| 47 Saw re 46 
SV Vul 45.21} 8.8 1.6 24 |— 2.5] 44 | + 4 | +11 16 
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DISCUSSION 

In any statistical use of the data presented it should be kept in 
mind that the observations are too few to determine unique curves 
and that, in many cases, their features have been purposely adapted 
to preconceived notions obtained from well-determined curves pre- 
viously published and by experience in drawing other curves in this 
present series. It is rather surprising to find that for go stars of the 
list the simple form of the 6 Cephei curve, which is practically made 
up of two straight lines, represents the observations as well as any 
other. There are 16 stars, however, for which departures from the 
simple form seem to be required. RW Cam, RW Cas, and VX Cyg 
have rounded curves but no irregularities. For RX Aur, AO Aur, 
TV CMa, RS Cas, SZ Cyg, CD Cyg, RS Pup, and X Sct the curves 
have been drawn with humps on the ascending branch of the ve- 
locity-curve, while for WX Pup and W Vir there is a dip on this 
branch. The curve of RX Cam shows a striking double minimum 
which corresponds to the double maximum of the light-curve. A 
very similar irregularity may be noted on the curve of 6 Dor as 
drawn by Miss Applegate.? RS Pup, WX Pup, X Sct, and W Vir 
also show a marked resemblance to the mirror image of their light- 
curves. The curves of SZ Cas and BL Her are most irregular. Both 
have small ranges in light and velocity and probably should be 
classed as peculiar, although their spectra are typical for their re- 
spective periods. ; 

FM Aql, AP Her, and RX Lib are peculiar in that the maximum 
velocity of recession occurs close to the time of maximum light. The 
photometric elements may need adjustment. 

Hertzsprung? has studied the forms of light-curves of Cepheids 
in relation to period and has suggested that certain irregularities 
are characteristic of certain definite periods. Robinson,‘ who had at 
hand a much larger collection of photometric material, states that for 
periods less than about seven days the relation between light-curve 
and period is slight, but that for periods between 8.5 and 30 days a 
relationship certainly exists which has but few exceptions. The ve- 

2 I[bid., 13, 12, 1927. 

3 B.A.N., 3, 115, 1926. 4 Harvard Ann., go, 82, 1933. 
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locity-curves, as drawn in Figures 1-18, show little or no tendency to 
conform to set rules. In most cases the number of observations is 
not sufficient to show irregularities, but there is apparently a larger 
percentage of irregular curves among the stars with longer periods. 
Half the curves showing peculiarities have periods greater than 13 
days, while of 36 stars with periods between 7 and 11 days only two 
have irregular velocity-curves. 

The period is the fundamental characteristic of Cepheid variation. 
Numerous investigators have shown the relation of various physical 
properties of these stars to the period of the light-variation. The 
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Fic. 19.—Relation of period to magnitude- and velocity-range. Normal points of 
magnitude-range, circles; velocity-range, triangles. 


most striking relationships are those correlating period with luminos- 
ity, spectrum, light-range, and velocity-range. 

In view of the large increase in the amount of data now available, 
jt will be worth while to reconsider the relation of period to range and 
eccentricity of light-and velocity-curves, and the lag of velocity ex- 
tremes. 

In Figure 19 the photographic magnitude-range and the velocity- 
range have been plotted as ordinates and the logarithms of the peri- 
ods as abscissae. The points represent normal places for ten groups 
taken according to the logarithm of the period. The numbers of 
stars in each group from left to right are: 6, 18, 18, 24, 24, 18, 12, 
22, 5, 5. With the exception of a drop at about 1o days, there is, in 
the mean, a fairly steady increase in range, with increasing period, 
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from o.7 to 1.9 mags. in light and from 33 to 50 km/sec in velocity. 
The decrease in range shown by the last group may or may not be 
real. It is based on only 5 stars and is considerably influenced by the 
small range of | Carinae both in light and velocity. 

In statistical studies of stars of this kind a large dispersion is found 
when individual stars are considered. The scatter diagram (Fig. 20) 
showing the correlation between magnitude range-and velocity-range 
will serve to illustrate the amount of spread which may be expected. 
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Fic. 20.—Magnitude- and velocity-range. The circles are normal points for groups 


taken according to velocity-range. 


The dots represent individual stars, and the circles are the normal 
points for groups chosen according to velocity-range. 

The same groups which were used in Figure 19 have been employed 
in Figure 21 to show the relation between period and steepness or 
eccentricity of the light- and velocity-curves. The mean values of 
the time elapsing between minimum and maximum light (M—m), 
and between maximum velocity of recession and approach (e), ex- 
pressed in percentage of the period, are plotted as ordinates. The 
well-known symmetry of the light-curves of stars of the ¢ Gemino- 
rum type causes the notable drop in the curve of M—m in the region 
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of phase 10 days, but this drop is not so prominent in the diagram 
showing the steepness of the velocity-curves. In general, there is an 
increase of eccentricity with period in both curves. 
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Fic. 21.—Relation of period to asymmetry of light- (M—m) and velocity- (e) 
curves. Normal points of M—m, circles; of e, triangles. 

















Per. 
+o0.16 
+ .12 
“i <O0 
“ie 06 

(oY) 
—0.04 

log P °.4 0.6 0.8 1.0 ¥:2 1.4 


Fic. 22.—Relation of period to lag of velocity extremes at maximum and minimum 
light. Normal points of lag at maximum light, circles; at minimum light, triangles. 


The curves of Figure 22 show the relation of period to the lag of 
the velocity extremes at maximum and minimum light. The same 
groups are used as for the preceding figures, and the lags are given in 
percentages of the period. The differences between the curves are, 
of course, related to the differences in eccentricity shown in Figure 
21. There is apparently an increase of lag with lengthening period 
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up to periods of about 30 days, beyond which it falls off considerably. 
The lag varies up to about 20 per cent of the period and averages 
6.9 at maximum light and 7.4 per cent at minimum light. These val- 
ues may be affected by inaccuracy of the photometric elements used 
in drawing the velocity-curves and also to some extent by the arbi- 
trary manner in which the curves are drawn. 


The writer is greatly indebted to Miss Ada Margaret Brayton for 
much assistance in plotting the light- and velocity-curves and in pre- 
paring the material of this paper for publication. 

CARNEGIE INSTITUTION OF WASHINGTON 
Mount WILSON OBSERVATORY 
July 1937 
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THE TESTING OF DIFFRACTION GRATINGS BY 
KNIFE EDGE AND BY INTERFEROMETER 


HENRY G. GALE 


ABSTRACT 

Knife-edge and interference tests for an optical surface are compared and are shown 
to be of about equal sensitiveness. Both methods may be used to test periodic errors 
and error of run, in either plane or concave gratings. The use of knife-edge tests for 
error of run in the case of concave gratings is discussed, and quantitative results are 
deduced for the case of a slanting slit. The use of interference for testing the periodic 
error in a plane grating is illustrated. The effect of lack of straightness in the ruled 
lines of the grating is discussed briefly. 

The testing of lenses and mirrors by viewing them with the eye 
close behind a knife edge set to interrupt the image of a point is well 
known and has often been described. It seemed worth while to at- 
tempt to secure a comparison of the sensitiveness of this method with 
interferometer tests. 

Two surfaces of glass, one convex and the other concave, were 
prepared and polished as nearly as possible to perfectly spherical 
forms of equal curvature. The diameters were about 6 inches, and 
the radius of curvature about 21 feet. When placed in contact and 
illuminated with monochromatic light, the interference fringes, as 
viewed from directly above, were straight to within about one- 
twentieth of a fringe and were of uniform width, as is shown in Fig- 
ure 1 (Pl. X). The knife-edge test showed nearly uniform illumi- 
nation over the concave surface when the image of a point source 
was partially intercepted, as is shown in the photograph of Figure 
o (Fi. 2). 

When various errors were intentionally introduced into the con- 
cave surface, the fringes were distorted, and the knife-edge tests 
showed the corresponding irregularities. Thus, in Figures 3 and 4 
(Pl. X) the extreme edge of the mirror is decidedly flattened and 
the center is high; the fringes bend in the direction indicating a 
thicker air film between the two test surfaces at the edge and a thin- 
ner air film in the center. The knife-edge test indicates a longer 
radius of curvature for the outer zone and a shorter radius at the 
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center. Figures 5 and 6 (Pl. X) indicate two photographs taken 
when an irregular error of about one fringe had been intentionally 
introduced. 

With a spherical surface of diameter 2a and of radius of curva- 
ture r, the depth d of the center below the edges is given by d = 
a*/(2r — d), or, if we neglect d in comparison with 27, 


d= 
2r 
and 
a? 
Ad = — &r, 
2r 


which gives the relation between small changes in d and the corre- 
sponding changes in r. It is interesting to compute the change in r 
corresponding to a change of \/20 in d in the case of a mirror 6” 
(15 cm) in diameter and of radius 21’ (640 cm). This gives 


0.00005 _ (7.5)? _— 
20 2(640)?—” 


2 60 O. 5 
Ar = _— s ee oe 0.036 cm . 
20 X 56.25 





This indicates that an error in depth of the mirror corresponding to 
\/20 would cause a change of focus of about 1/3 mm if the difference 
in level occurs between center and edge. This is about the limit for 
errors easily detected by interference; and, while it is near the limit 
for actual setting of the knife edge for radius, this departure would 
be indicated by the unequal rate of darkening at center and edge. 
If the change is more abrupt, occurring, for example, in half the 
distance from center to edge, the change in radius would be four 
times as great, or 1.4 mm, an amount which could be detected per- 
haps more easily by the knife edge than by the interferometer, as 
the central and outer portions would not be cut off exactly together. 
These considerations, as well as a study of the conditions represented 
by the figures, indicate that interferometer tests and knife-edge 
tests are of the same order of sensitiveness. It seems more conven- 
ient to test flat surfaces by interference when suitable standard 
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flats are available, and to test concave surfaces by the knife-edge 
test. It is, of course, entirely feasible to reverse the process and test 
a flat surface (in combination with an accurate spherical surface) by 
the knife-edge test, and to test concave surfaces by interference as 
suggested above or by the well-known method of the Twyman inter- 
ferometer, using a point source of light. 

It is a fairly common practice to test the accuracy of the rulings 
of a diffraction grating by using a knife edge held in the focal plane. 
The image of a monochromatic line in the focal plane receives light 
from all parts of the ruled surface. If the grating is perfect and if the 
line is gradually intercepted, the light fades out evenly over the en- 
tire ruled surface when observed by an eye placed close behind the 
knife edge. If, however, there are inequalities in ruling, the regions 
of larger and shorter spacing send light slightly to one side or the 
other of the image produced by the average spacing. If, for example, 
in an Eagle mounting the incident and refracted rays are at the left 
of the normal, the region of smaller spacing throws the light to the 
left of the proper position and those of longer spacing throw the light 
to the right. If the knife edge is introduced from the left, therefore, 
the region of the grating ruled with less than average spacing will 
darken first. If the knife edge is introduced from the right, the re- 
gion ruled with larger than average spacing will darken first. If a 
pinhole or a narrow slit is used instead of a knife edge at the proper 
setting, the portions of the grating which are correctly ruled will 
remain bright, while those which are incorrectly ruled will appear 
dark. 

If a point source is used instead of a slit, and if the grating is 
viewed through a pinhole placed on the image of a spectral line in 
the focal plane, a single bright strip will be observed across the grat- 
ing, uniformly illuminated if the grating is perfect, but interrupted 
by dark portions whenever the grating space is too large or too small. 
If the point source is raised or lowered, the bright strip is raised or 
lowered. If the point source is moved to the right, the light will dis- 
appear except for such portions of the grating as are ruled with an 
appropriately greater spacing; and, similarly, if the point source is 
moved to the left, light will come to the pinhole only from parts of 
the grating ruled with appropriately shorter spacing. 
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In testing the gratings ruled at the Ryerson Physical Laboratory 
recently, Mr. O’Donnell suggested setting the slit at a slight angle 
(1° or 2°) with the grating lines. This gives, in effect, a continuous 
set of point sources displaced vertically from one another, and hori- 
zontally as well. If the slit is rotated, for example, in a counter- 
clockwise direction, top to the left, each point on the slit will be 
slightly nearer to the spectrum line than the points below it. The 
grating, as viewed through a pinhole in the focal plane, may now be 
considered to be illuminated by a series of horizontal strips, each 
illuminated by a point on the slit. The adjustment of the pinhole is 
made so that a bright strip crosses the middle of a grating for the 
correct or average spacing. The upper and lower edges of the bright 
strip will now no longer be straight, however, if the spacing is not 
uniform. If the slit had been vertical, a bright strip of width two or 
three times the length of the slit, depending upon the angle of dif- 
fraction, would appear across the grating, which would be inter- 
rupted at all places where the spacing is too wide or too narrow. But 
if a slanting slit is used, points along the upper edge of the strip ob- 
served before will send light to the pinhole from points higher on the 
slit wherever the spacing is slightly less than the average, and light 
will again appear through the pinhole for points correspondingly 
higher on the grating. Points lower down on the slit will send light 
to the pinhole from points lower down on the grating, wherever the 
grating space is slightly too’ wide. The band of light will now be con- 
tinuous, instead of interrupted as with a vertical slit; but instead of a 
straight band, as in the case of a perfect grating, the band will be 
curved, moving up where the grating spaces are narrowing, and 
moving down where the grating spaces are widening. A short period- 
ic error will give rise to vertical strips superposed on the general 
curve, which indicates errors of run. The amount of error between 
two points of the ruling detected by this arrangement is easily cal- 
culated. A grating recently ruled on the new dividing-engine at Ry- 
erson Laboratory was tested in this way. It was placed in an Eagle 
mounting and was adjusted for \ 5461 in the third order. The grat- 
ing was ruled with 6000 lines per centimeter. If m represents the 
order, a the grating space, \ the wave-length, and 6, and @, the an- 
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gles of incidence and refraction, and if 6, = 6, = 6 in the Eagle 
mounting, 


my = 2a sin 6 


(for m and X constant); and 


o = 2dasin@+acos 6dé6, 


since the angle of diffraction alone changes, while the angle of in- 
cidence remains constant. 


a 


da = — 16 . 


C 
2 tan 6 


The negative sign means merely that @ decreases as a increases, i.e., 
d@ positive corresponds to da negative and vice versa. For a change 
da in grating space, there will be a change dp in the position of the 
spectrum line, and dp = r d6, where r is the distance from the slit 
or spectrum line to the grating. But r = R cos @, where R is the radi- 
us of curvature of the grating. Therefore dp = R cos 6 dé. A lateral 
displacement dp of the spectrum line corresponds to a lateral dis- 
placement —dx at the slit (+d60, = +d@.), and dx = ady where a is 
the angle of inclination of the slit and dy is the vertical distance be- 
tween two points which have a horizontal displacement dx with re- 
spect to each other. 





ady = — Roos 6dé. 
But since d0 = —(2 tan 6 da/a) and m\ = 2 asin 8, we have 
2 tan 6 2Rsin@da Rmdda a 
a dy = R cos 6 da = — = — . da = ——_ dy. 
° a a a? mR» ~ 


This equation means that two portions of the grating show maximum 
(or minimum) brightness through the observing pinhole when two 
points on the slit at a distance dy from each other are illuminated. 
To determine this distance, the slit is covered first from above and 
then from below, or a narrow opening is moved up arid down on the 
slit to locate the position y, on the slit corresponding to the edge of 
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maximum brightness of a portion, A, on the grating. The position 
of y, is determined in the same way for a position B on the grating. 

Instead of locating the points A and B with reference to y, and y, 
at the slit, it is often more convenient to get them as fractions of the 
length z of the rulings. In general, two points separated a distance y 
on the slit will appear to be a distance y apart at the image, and the 
light from them will appear to come from two points a distance z 
apart, vertically on the surface of the grating. 

In the third order of an Eagle mounting for green light, this re- 
duces nearly to dy = d(z/2), that is, a point in the focal plane il- 
luminated by a slit of length dy will receive light from a portion of 
the rulings of length dz, where dz = 2 dy and 


It is usually more convenient in testing and in photographing to 
use a knife edge in the focal plane instead of a pinhole. The upper 
(or lower) ends of the astigmatic images of the slit then vary in verti- 
cal position across the surface of the grating, as in Figure 7 (Pl. XI), 
just as the narrower band from a pinhole would vary. In the case 
of Figure 7, a = (1/60), a = (1/6000), dz = 0.5 cm between the posi- 
tions A and B, which are 5 cm apart, A = 0.00005461, m = 3, and 
R = 640. The difference in width of the rulings at A and Bis then 


aa*dz = 80 x (avoo)? x 0.5, = I 


2mRX 2X 3 X 640 X 0.00005461 a 900,000,000 


’ 


da = 


that is, the difference in grating space at the two points A and 
B, 5 cm apart, for which dz = 0.5 cm, is 1/900,000,000 cm or 
1/150,000 of a grating space, or 1/25,000 fringe. 

If the change had varied uniformly between the two points, the 
error in position of the spacings would have been the average error 
times the number of spacings, NV, or 


Nv (2244) _ a| 7 a= 


2 2 
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7 AND 8, KNIFE-EDGE TESTS OF ERROR OF RIM, WITH INCLINED SLIT; 10, PERIODIC ERROR 
AS SHOWN BY INTERFEROMETER; 11, IMAGE OF HORIZONTAL SLIT WHEN RouLINGS ARE NOT 
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In this case, V = 5 X 6000, and ¢, the error in position of the spac- 
ings at B with reference to those at A as a fraction of the grating 
space, is 

_ 5 X 6000 a a 


€ — eens —_ . 
2 150,000 10 


The average error, that is, the average difference in spacing from the 
mean spacing, would have been one-half of this, or 


which would not affect the definition seriously. In fact, the defini- 
tion of this grating is about 95 per cent of the full theoretical value. 
The larger departures from the correct spacing, indicated by the 
longer lines at the very beginning and end of the grating, would send 
only a negligible amount of light to the image and would produce 
only an undetectable broadening of the spectrum lines. 

In the case of the grating used in Figure 8 (Pl. XI), the depar- 
tures are obviously considerably greater than in the case of Figure 7. 
This grating was not satisfactory. The resolving power was only 
about 75 per cent of the full theoretical value, and there was an un- 
due amount of scattered light. 

Mention has already been made of the fact that a periodic error 
causes the light to be broken up into vertical strips. These strips 
can be used to measure the periodic error. They have been studied 
by R. W. Wood." The number of them occurring in the length of 
the grating gives the period of the error. As in any case of systematic 
variation in grating space, a focusing effect is produced, in front of 
and behind the grating; and the strip may be photographed by mere- 
ly placing a photographic plate at the proper distance in front of the 
grating. The positions may also be found not only by focusing an 
observing telescope on the surface of the grating, as was done in this 
case, but by focusing it for the proper planes in front of and behind 
the grating. 


t Phil. Mag., 48, 497, 1924. 
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Instead of the knife-edge method of investigating the periodic 
error, it is perhaps more convenient to use an interference method. 

The arrangement of Figure 9 gives an immediate and simple test 
for periodic error. The two gratings used as back mirrors diffract 
monochromatic light of any order back to the separating plate. If 
the instrument is adjusted for horizontal fringes, and if one of the 
gratings is without periodic error, the periodic error of the other 
grating will be shown at once by periodic curvature of the fringes. 
The fringes of Figure 10 (Pl. XI) 
were photographed when a sin- 
gle periodic error of about one 
fringe had been arbitrarily intro- 
duced in one grating. More 
complicated errors give the 
fringes the corresponding 
curves, and these curves indi- 
cate the amount and nature of 
the errors. As a matter of fact, 
it is usually sufficient, when the 
errors are small, to deduce the 
nature and amount of periodic 
errors from the positions and 
intensities of the Rowland ghosts. Since, however, the intensities are 
periodic functions of the amount of error, considerable care must be 
exercised in interpretation, unless the errors are minute. 

If the lines of the grating are not perfectly straight, certain aberra- 
tions will result. If a portion of the rulings slants to the right going 
up, light will be thrown too high in the spectral image. If the slant is 
in the opposite direction, light will be thrown too low. While the 
effect may be too small to affect the definition, it may produce the 
faint dots above the lines noticeable in Figures 7 and 8. This dis- 
turbance is of no importance for ordinary spectroscopic work but 
may cause serious difficulty if, for example, good images of a short 
horizontal slit are desired. If the ruled lines of the grating are not 
straight, the image of a horizontal slit will not be sharp, and if the 
changes of direction in the rulings are sudden, the main image of the 
slit will be accompanied by fainter false images above and below the 
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main image. If the grating surface is viewed by an eye placed just 
behind the focal plane, a horizontal knife edge moved down from 
above will first cut off light from all portions of the ruling which are 
slanted in a clockwise direction to the average direction of the rul- 
ings, and a knife edge moved up from below will first cut off light 
from portions of the rulings slanted in the opposite direction. 

The photograph in Figure 11 (Pl. XI) shows the image of a hori- 
zontal slit, greatly overexposed to show the false images and scat- 
tered light from a horizontal slit. Figure 12 (Pl. XI) shows the ap- 
pearance of the surface when viewed from behind the knife edge in- 
troduced from above and from below. As was to be expected, the 
light places in one correspond to the dark places in the other, and 
vice versa. 
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THE BEHAVIOR OF FORBIDDEN OXYGEN LINES 
IN NOVAE 


N. T. BOBROVNIKOFF AND J. M. MACQUEEN 


ABSTRACT 

The ratios of total intensities of the nebular pair of O1 have been determined for 
eleven spectrograms of Nova Herculis, 1934. The mean for the seven more reliable 
spectrograms is 2.75 +0.14, but the individual values range from 2.11 to 3.71. A com- 
parison with the data published by other investigators indicates that this variation 
may be real. Differences in the behavior of nebular forbidden lines in nebulae and 
novae are briefly discussed. 

Among many forbidden lines occurring in celestial sources the 
analogous groups of O1 and O 111 are of particular interest. Follow- 
ing Menzel, Boyce, and Payne,’ we shall refer to the lines resulting 
from the D-P transition as nebular, and from the S—D transition as 
auroral, regardless of whether they actually occur in terrestrial 
aurorae or not. 

The theory of these lines has been developed by Condon.? The 
transition probabilities are found to be: 





Line Our O1 
First nebular....... fe 180 X 1074 sec™? 75X10 4 sect 
Second nebular...... ; 60 X 10-4 sec? 25X10 4 sec! 
PRUNNORE 5 6 sie cise 008 x» 18,000 X 10-4 sec! | 20,000X 10 4 sec! 














These figures indicate that the auroral lines should be from one to 
two hundred times as strong as the strongest line in one correspond- 
ing nebular pair. It is known that in the spectra of terrestrial aurorae 
the green line of O1 is much stronger than the nebular line \ 6300. 
In a recent photometric investigation: the intensities of the nebular 
pair were given as 38 and 21 (i.e., in the ratio not of 3.0 but rather 
of 1.8), but the green line was so overexposed that its intensity on the 

t Proc. Nat. Acad., 19, 581, 1933; Harvard Reprint No. 93. 

2 Ap. J.,'79, 217, 1934. Similar results were derived by Stevenson, Proc. R. Soc., A, 
137, 298, 1932. 

3 Vegard and Harang, Geofys. Pub., 11, 8, 1937. 
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same scale was indicated as (1080), making it approximately thirty 
times as strong as \ 6300. However, in nebulae the auroral lines are 
generally fainter than the nebular pairs, whereas in novae at certain 
stages of their development the auroral lines may equal in strength, 
or may even exceed, the corresponding nebular lines.‘ 

This circumstance shows that the number of atoms in the S and D 
states cannot be calculated on the basis of inherent probability only 
and that physical conditions in the source should be taken into ac- 
count. Indeed, this point has been brought up before.’ However, the 
lines of the nebular pair have the upper metastable level, D, in com- 
mon, and their ratio of intensity should depend only on the weight 
of the P-levels regardless of physical conditions in the nebulae or 
novae. The present paper deals with the observational material in 
regard to the ratio of intensities of the nebular pairs of O m1 and 
O1. 

The behavior of the nebular pair of O 111 has been discussed by 
one of the writers.° No conclusive evidence that these two lines 
might behave differently in different sources has been found. Since 
that time several new investigations relevant to the problem have 
been published. Pearson’? has found in the spectrum of Nova 
Aquilae, 1918, that the average displacement of various features of 
N, and N, was not the same. Thus for one feature (maximum a) the 
difference in the velocity factor between these two lines amounts to 
0.33, or 10 km/sec. These figures represent means over long periods 
of time, and a claim is made that the upper limit of the probable 
error in the velocity factor at this wave-length is o.10 for a sharp 
marking and o.19 for a vague marking, for a single plate. 

As far as the relative intensities of nebular lines of either O 111 or 
O1 are concerned, there are few reliable data for discussion. Eye- 
estimates are uncertain and can at most give only an idea of the 
ratios. Wright’s® ratios N,/N, for twenty-seven nebulae vary from 
1.3 to 2.5, with a mean of 1.7. It is evident that, since N, and N, are 
often the strongest lines in the nebular spectrum, visual estimates 

4 See Table 4 in Menzel, Boyce, and Payne, loc. cit. 

5 See, e.g., Grotrian, Zs. f. Ap., 2, 78, 1931. 

® Perkins Obs. Contr. No. 4, 1936. 


7 Ann. Solar Phys. Obs., 4, Part III, 1936. 8 Lick Obs. Pub., 13, 193, 1918. 
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are much affected by overexposure, which would reduce the ratio of 
intensities. A comparison of Wright’s values with those by Berman 
(photometric study)? is available for the nebulae NGC 6543, 6572, 
and 7009. The ratio of intensities N,/N, by Wright are 1.59, 1.60, 
and 1.53, whereas those by Berman are 2.65, 2.65, and 2.70, re- 
spectively. The ratio N,/N,in NGC 7027 is given by Wright as 2.00 
and by H. H. Plaskett"® (photometric study) as 2.81. A large sys- 
tematic difference between eye-estimates and spectrophotometric 
determinations of line intensities in Wolf-Rayet stars was found by 
Beals.” 

It appears also that estimates of the ratios N,/N, are strongly af- 
fected by instrumental factors. Thus, for the six nebulae for which 
Wright” gives estimates of N,/N, both for the slit glass spectro- 
graph (/,) and the slitless quartz spectrograph (/,), the mean values 
are 2.24 for J, and 1.78 for J,, with the extreme values (for the same 
nebula, NGC 7027) J, 4.0 and J, 2.0. It is clear that eye-estimates 
are not precise enough to settle the question whether the relative 
intensities of the nebular lines remain constant from nebula to 
nebula. 

At the present time the spectrophotometric data on the ratio of 
intensities N,/N, in nebulae consist of five nebulae investigated by 
Berman, two by Plaskett, and the Orion nebula by Minkowski. 
Berman obtains the mean ratio 2.62 with the extreme values of 2.42 
and 2.70. Plaskett’s values are 2.59 and 2.81, and Minkowski’s"® 
are 2.99. Thus there is some evidence that the ratio of intensities of 
the nebular pair of O11 may change from nebula to nebula, but the 
amount of change involved is hardly greater than the uncertainty of 
measurement. 

Eye-estimates for the intensities of the nebular pair of O1 for 
five nebulae are given by Stoy. The ratios vary from 1.3 to 3.0, 


9 Lick Obs. Bull., 15, 86, 1930. ™ Tbid., 6, 127, 1934. 

10 Dom. Ap. Obs., 4,187, 1928. Loc. cit., Table II. 

3 Zs. f. Ap., 9, 202, 1934. A previous investigation (ibid., 6, 355, 1933) indicates a 
variation from 2.5 to 4.0, depending on the place in the nebula. Scheiner and Wilsing’s 
results indicate a variation from 2.36 to 2.73 (Ap. J., 16, 234, 1902). 

4 Lick Obs. Bull., 17, 179, 1935. The author is conscious of the uncertainty of his 
estimates. 
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with a mean of 1.83. Of course these estimates are as likely to be 
affected by large systematic errors as are those of the nebular pair 
of O 111. 

The problem of the ratio of intensities in the nebular pair seemed 
worthy of investigation, as it was apparent from the visual inspection 
and photometric tracings of our plates of Nova Herculis, 1934, that 
there was a considerable difference in the behavior of the nebular 
lines of O 1. 

Eleven plates were selected for a photometric study. These were 
Y 170, Y 173, P 482, P 488, Y 176, P 491, Y 180, Y 184, Y 185, 
Y 187, and Y 189. All of them were taken on the Eastman Spectro- 
scopic Emulsion IF with the autocollimating grating spectrograph in 
conjunction with the 69-inch reflector.’ 

The procedure adopted for the conversion of photographic den- 
sities into light-intensities was as follows. A series of six photometric 
squares was impressed on the plates just before the exposures. As a 
source of light in the densitometer a lamp was employed, with ap- 
propriate regulation of the current flowing through the filament. 
The light from the lamp passed through an Eastman filter No. 8, 
which transmits light uniformly between \ 5000 and A 7000, with 
complete opacity to the violet of \ 4600. 

The use of a filter of such a wide transmission range obviously 
eliminates the possibility of studying the variation of absolute in- 
tensity, or even of relative intensity of various features in widely 
separated spectral regions. This is the reason why no attempt has 
been made to study the behavior of the green auroral line as com- 
pared with the nebular pair. As far as the nebular lines \ 6300 and 
d 6363 are concerned, it is thought that the material is suitable for 
discovering any large variation in their relative intensities. Owing to 
the use of the filter, an average gamma for the whole photographic 
plates was used rather than the gamma for \ 6300. No data are 
available on the IF plates, but from a study of similar emulsions” it 
appears that the true gamma for the nebular pair is considerably 
greater than the average gamma. This would make the ratio 6300/ 
6363 systematically too large. This is an important point, as the 

5 Details are given in Perkins Obs. Contr. No. 2, Table 1, 1935. 

© Webb, J. Opt. Soc. Amer., 26, 12, 1936. 
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average value found for the intensity ratio of these two lines is con- 
siderably below the theoretical ratio. 

Among other factors to be considered in exact spectrophotometry, 
the following should be mentioned: (a) the difference in the exposure 
time for the star and for the photometric squares; (b) the difference 
in the temperature of exposure and development; (c) the variation 
of the temperature and the time of development; (d) the relative 
humidity in the spectrograph and in the darkroom; (e) the age of the 
developer, etc. Needless to say, all these factors must be taken into 
account if precise results are to be expected. None of them was 
considered when exposures on the nova were made, except that the 
temperature of the developer (Eastman D-11) was kept approxi- 
mately constant (65° F) and the plates were developed five minutes. 
However, exact spectrophotometry is a thing of the future, and our 
methods, inadequate as they are, are those generally adopted in 
astronomical practice. A comparison of our data with those of other 
observatories does not show any marked systematic difference. The 
spectrograms were run through a Moll registering microphotometer, 
and galvanometer deflections at the interval of 1 A were converted 
into light-ratios in terms of stellar magnitudes. 

The profiles of the lines are given in Figure 1. The general devel- 
opment of the nebular pair is clearly seen. The gradual increase in 
width of \ 6300 from 12.1 A on January 5 to 16.4 A on March 30 
can be noticed at a glance: It is evident that the elimination of the 
continuous spectrum on the first four days is very difficult, owing to 
the presence of numerous absorption and emission lines, so that all 
the values of intensities of various features on these dates can be 
only a rough approximation. 

From the very beginning of the emergence of the nebular lines, 
they were very sharply defined on either side. On the diagrams of 
Figure 1 the flanks are almost perpendicular. Considering that the 
width of the slit of the spectrograph, 0.05 mm, corresponds to about 
1 A on the plate, we must conclude that there was almost no dis- 
persion of velocity in the O 1 shell ejected from the nova, although 
the velocity of the shell increased from 290 km/sec to 390 km/sec be- 
tween January 5 and March 30. This is the more remarkable because 
the increase in velocity was not constant, that is, the width of the 
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Fic. 1.—Photometric curves of the spectrum of Nova Herculis in the neighborhood 
of the nebular pair of O1. 
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lines as a function of the time could not be represented by a straight 
line but rather by a sinusoid superimposed on a straight line.” It 
would seem that the O 1 shell (or prominence) was entirely separated 
from the rest of the nova ejections, otherwise we should expect some 
interference on the part of other atoms moving with different and 
often with much greater velocities. There is no evidence of a thermal 
distribution of velocities among the O 1 atoms which would have re- 
sulted in inclined flanks of the profiles, as shown by hydrogen lines 
on the same dates. From the similarity of the curves of increase in 
width of both the nebular lines of O 1, we must infer that they origi- 
nated in exactly the same volume of space. 

One of the most interesting features of the profiles of the nebular 
lines is the presence of faint flanks on either side of the main emis- 
sion lines. These flanks are noticeable on practically every tracing. 
In fact, on some dates they were strong enough to be measured.® 
Their width was in the neighborhood of 40 A, so that the maximum 
velocity of this outward shell was about 960 km/sec. The similar 
flanks in the O 111 nebulium lines of Nova Lacertae, 1936, were much 
more conspicuous.”? 

The general development of the profiles of the nebular pair is in 
accordance with the suggestion made by Menzel and Payne.” They 
postulate an emission of symmetrical jets with material more abun- 
dant along the line of symmetry. The profile is determined by the 
angle made by this line with the line of sight to the star. The middle 
of the resulting profile will be lower and lower with respect to its 
edges as the angle between these two directions changes from go° to 
180° (or to 0°). Since during the three months of observations the 
profiles underwent the change from the flat-topped structure to the 
middle without emission, we should infer that during this period the 
jets rotated through about go°. This is in accordance with the shape 
of the curve correlating the time with the width of the lines men- 
tioned above. It would seem also that the jets were not quite sym- 


17 Perkins Obs. Contr. No. 2, Fig. 1, 1935. 

18 Thid., Table 3. 

19 Tbid., No. 6, 1937. 

20 Proc. Nat. Acad., 19, 641, 1933. Harvard Reprint No. 95. 
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metrical, as the red sides of the lines were getting progressively 
fainter. Needless to say, this pieture of the O1 jets is at variance 
with the profiles of other lines produced by atoms which must have 
moved through the O1 jets without in the least affecting their de- 
velopment. The coexistence of different profiles is, indeed, one of the 
most baffling features of the nova spectrum. 

Even if we confine our attention to the material producing O1 
forbidden transitions, the existence of the two jets is not sufficient to 
account for the faint diffuse flanks betraying the presence of O1 
atoms in a diffuse shell rather than in definite jets. 

As to the difference in the profiles of the nebular lines, nothing 
can be said about the first four dates, owing to the presence of nu- 
merous absorption and emission lines belonging to other elements. 
On January 30 and 31 the dip in A 6300 is much more pronounced 
than in \ 6363. The ratios of intensity (Table 1) of the middle of the 
lines for the two dates are 2.50 and 3.05, whereas the same ratios for 
the violet components are 3.45 and 4.05, and for the red components 
3.04 and 3.83. On February 7 and 24 the profiles are quite different. 
On February 24 the red edge of 6363 is stronger than the violet 
(intensity ratio 1.18), but the situation is reversed for \ 6300 (in- 
tensity ratio 0.89). For the rest of the tracings the depression in the 
middle is more pronounced in \ 6300. It is evident, however, that 
the differences in the profiles are not very great and may conceivably 
be due to some instrumental factors or to the presence of faint ab- 
sorption and emission lines. 

For the study of the ratio of intensities of various features of the 
lines, the microphotometer tracings were reduced from stellar mag- 
nitudes to light ratios. Figure 2 gives an example of the resulting 
profiles for three dates. The total intensity of the line is defined as 
the area bounded on one side by the line of the continuous spectrum 
and on all other sides by the profile of the line. Whereas the profile 
of the line is influenced by the width of the slit and the length of the 
exposure, the total intensity should remain constant, and it is there- 
fore considered more reliable than any other data. The difficulty 
lies in drawing the line of the continuous spectrum, especially so on 
the first four dates. The ratio of intensities for these dates, given in 








Fic. 2.—Profiles of the nebular lines O 1 on selected dates 
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Table 1, is considered to be near maximum possible value, as the 
line of the continuous spectrum was drawn rather high, going near 
the emission peaks of other lines. The continuous spectrum for other 
dates was easy to eliminate. By intensities of other features—for 
instance, violet components—are meant the ratios of their ordinates 
above the line of the continuous spectrum. These data have no im- 
mediate physical meaning, as they evidently depend on the width of 
the slit and on other instrumental factors. They are introduced here 


TABLE 1 


RELATIVE INTENSITIES OF THE NEBULAR PAIR OF OI 






































R/V C/I 
R 6300} C 6300] V 6300| T 6300 
DATE | R 6363} C 6363| V 6363 | T 6363 
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to make a comparison with published results by other investi- 
gators. 

Table 1 gives the relative intensities of various features. Letters 
R, V, C, and T refer, respectively, to the red peaks, the violet peaks, 
the centers (i.e., the lowest points between the peaks), and the total 
intensities. 

The most significant data in Table 1 are the relative total inten- 
sities between January 30 and March 30. If we consider the varia- 
tion in the ratios of total intensities to be due to accidental errors, 
the probable error of the mean is 0.14 and the probable error of a 
single observation is 0.37. The mean 2.75 + 0.14 is very close to the 
mean ratio of intensities N,/N. obtained by Berman (2.62) and by 
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Plaskett (2.70) mentioned previously, although it is somewhat be- 
low the required theoretical ratio 3.00. 

The question is whether the variation in the ratio of intensities 
should be considered real or merely accidental, owing to the imper- 
fection of the method of reduction. As far as our plates are con- 
cerned, the fact of variation is beyond doubt. Repeated micropho- 
tometer tracings gave practically identical results. The elimination 
of the continuous spectrum did not present any great difficulties. For 
instance, for the extreme values of the ratios on February 7 and 
March 2, five independent measures of intensities gave the values 
2.11 + 0.03 and 3.71 + 0.09. The most important defect of our 
method—the use of an average reduction curve for converting 
microphotometer deflections into light intensities—would tend to 
increase the observed ratio but should not introduce large variations. 
However, many other factors entering into photographic spectro- 
photometry have been neglected by us. Their influence is presum- 
ably small, but no exact data exist on this point. It would perhaps 
be wiser to consider the variation in the intensity ratio of the nebular 
lines to be strongly indicated by the existing material but not estab- 
lished beyond doubt. 

Intensities of various lines in the spectrum of Nova Herculis were 
derived photometrically by Greaves and Martin.** Their method 
seems to be substantially the same as that used in the present inves- 
tigation. Table 2 gives the relative total intensities of the nebular 
pair of O1 derived from the published Greenwich data, and their 
comparison with the Perkins results. 

The means of the two determinations differ considerably, but, 
if the fact of the variation is conceded, the means are not comparable 
unless we deal with a large number of data. Moreover, if we neglect 
the clearly exceptional values 1.27 in the Greenwich series and 3.71 
in the Perkins series, we obtain for the means 2.37 and 2.59, which 
are in fair agreement. 

The total intensities of the two lines were estimated by Mac- 
Laughlin” for the period from December 27 to March 27 (sixteen 
dates). His ratios vary from 1.8 to 3.4, with an average of 2.35, un- 


21 M.N., 96, 425, 1936. 22 Pub. Obs. U. of Michigan, 6, 157, 1937. 
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expectedly close to the values of Table 2. Intensity ratios based on 
visual estimates are usually considerably below the spectrophoto- 
metric determinations, as was pointed out earlier in this paper. 

Among other visual estimates of the intensities of nebular lines 
there should be mentioned those by Dufay and Bloch.’3 They give 
forty-seven estimates arranged in seven groups. The ratios of the 
nebular pair of O 111 in these groups vary from 1.15 to 1.67. 

In order to ascertain the presence of systematic errors in our de- 
terminations of intensities of various spectral features, a comparison 


TABLE 2 


RELATIVE INTENSITIES OF \ 6300 AND A 6363 














Date | Greenwich Perkins 
| | 
Poe Alin on ox ereqtee roots Sale 2.48 
| | 
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of our results with those by Merrill?! may be of interest. Table 3 
gives the necessary data. 

Although the means of the Perkins series differ somewhat from 
the means of the Mount Wilson series, the values are in good agree- 
ment. It is evident that the values of R/V decreased toward the 
end of the observing period. Therefore, the means are determined 
by the distribution of the observations during this period. For one 
date common to both series, January 31, the agreement is almost 
perfect. 

The Mount Wilson mean for the ratios of the violet components 
is considerably higher than the Perkins mean. With the few data 
available, the effect of selection is necessarily great. For instance, 


23Zs.f. Ap., 13, 36, 1936. 44 Ap. J., 85, 62, 1937. 
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neglecting the exceptionally high value 4.54 of the Mount Wilson 
series and the exceptionally low value 2.64 of the Perkins series, the 
means become 3.60 and 3.62, respectively. 

We conclude, therefore, that a comparison of our spectrophoto- 
metric data with those of other observers indicates as good an agree- 
ment as might be expected under the circumstances. 

There are some interesting features in Table 1 that perhaps might 
be emphasized. The means (January 30 to March 30) for the ratios 


TABLE 3 


RELATIVE INTENSITIES OF VARIOUS FEATURES IN [O I] LINES 
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of the red components, centers, and violet components are all above 
the theoretical value 3.00. The difference between these means, in 
itself, speaks for the difference in the structure of the two lines. The 
mean for the ratios of total intensities, on the other hand, is con- 
siderably below the theoretical value. The explanation lies in the 
fact that the fainter line, \ 6363, was wider than the stronger line, 
\ 6300. The average width of the first line*s for the dates of Table 1 
was 15.92 A, as compared with 15.59 A for the other line. This in- 
crease in width is wholly accounted for by the difference in the wave- 


25 Given in Table 3, Perkins Obs. Contr., No. 2, 1935. 
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length, on the hypothesis of the Doppler effect. The spreading of the 
fainter line over a larger area naturally decreased the intensities of 
its peaks in comparison with the peaks of the stronger line. The 
other reason for the smaller ratio of total intensities is the presence 
of faint flanks in both lines. Since these flanks were of approximately 
equal intensity, they undoubtedly tended to make the fainter line 
appear stronger than it was. 

Although the material at our disposal is hardly sufficient to estab- 
lish the difference in the behavior of the forbidden lines of O 1 be- 
yond any doubt, there are strong indications that the variation is 
real. The problem is of such interest from the theoretical viewpoint 
that we have considered it desirable to draw to it the attention of 
other investigators, who might possess better material. Considera- 
tions of physical conditions in the nebulae and novae allowing two 
lines from the same metastable level to differ in behavior should be 
postponed until the fact of the variation is proved by applying more 
efficient methods of spectrophotometry. 

PERKINS OBSERVATORY 
July 7, 1937 








PHOTOMETRY OF THE G BAND IN REPRESENTA- 
TIVE STELLAR SPECTRA 


W. A. RENSE AND J. A. HYNEK 


ABSTRACT 

The total absorptions between the limits \A 4236-4292, AA 42903-4317 (G band), 
and AA 4318-4383, designated as V, G, and R, respectively, have been measured for 
twenty-five giant and dwarf stars of spectral classes F to M. The accuracy of the 
measures is shown to be better than 8 per cent. The variation of the intensity of the 
G band and of S, the sum of V, G, and R, with spectral class and luminosity is dis- 
cussed. 

An attempt is made to evaluate the relative contribution of the CH molecule to the 
absorption in the G band region by the use of the comparison regions V and R, the 
measure being designated as B. It is found that whereas G increases somewhat in 
intensity in passing from dwarfs to giants, B decreases in the same range, as is predicted 
by theory. A flatter maximum than that given by theory for CH is observed. 

By means of Russell’s formulae, the mean degree of association into molecules in an 
F8 dwarf is found to be 4.5 times greater than in a Go giant, while the partial pressure 
of CH in the dwarf is, similarly, found to be some 80 times that in the giant. 

The use of the quantity S as an absorption index is considered. 

The marked absorption in the region of \ 4300 in later-type 
spectra, first called the G band by Fraunhofer, and its availability 
to spectrographs of high and low dispersion have long established its 
usefulness as a criterion of spectral classification. It is known to be 
composite in character, being a mixture of strong neutral and 
ionized atomic lines and a large part of the (0, o) and (1, 1) bands 
of the 7A — *II system of the CH molecule.’ Because of this, visual 
estimates of the G band are likely to be largely a function of the dis- 
persion employed, for with low dispersions the atomic and molecular 
components are indistinguishable. 

Accordingly, there is a point in measuring the equivalent widths 
in this region in typical dwarf and giant spectra and, since con- 
siderable theoretical work has been done on the CH absorption in 
stellar spectra, in attempting an evaluation of the relative contri- 
bution of atomic and molecular absorption to the total absorption 
of this region. 

Previous work on the G band in stellar spectra has been largely 
visual or has employed very low dispersions. Lindblad? studied the 


«W. Jevons, Report on Band Spectra of Diatomic Molecules, p. 178. 
2 Medd. A. Obs., Upsala, No. 11, p. 3. 
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absorption of CN and the G band as a function of absolute magni- 
tude, using a dispersion of but 1.4 mm between Hy and He which 
was too small to give a measure of the true CH absorption. Swings 
and Struve,? using a much higher dispersion, made a visual study of 
the CN and CH bands in relation to spectral type by the examina- 
tion of single pure lines of the bands. For CH, the lines at \ 4293.12 
and 4303.94 were used, and for CN, 4192.57 and Xd 4197.10. 
Rufus* has examined the behavior of the G band in the principal 
spectral classes and has given a curve for the same, and Shane‘ has 
reported its behavior in R and N stars. Wildt® and Russell’ have 
given a comprehensive treatment of the theoretical behavior of the 
CH and CN molecules for the entire spectral sequence. The present 
note, it is hoped, will give the necessary quantitative data for a dis- 
cussion of the previous work in terms of the relative contributions of 
atomic and molecular absorption. 

We have adopted for the G band the rather narrow limits \ 4293 
and \ 4317. While it is true that the twelve main branches of the 
*A —’II band of CH have detectable lines considerably beyond these 
limits, an examination of a laboratory spectrogram® of the \ 4300 
band of CH shows clearly a very high concentration of lines in the 
region adopted. Clearly, it is this group which forms the stellar 
band. 

Within this region in the solar spectrum there are forty-five neu- 
tral and ten ionized lines of Rowland intensity two or greater. Since 
the atomic lines are so numerous, a strict evaluation of the CH ab- 
sorption is impossible with ordinary stellar dispersions, but a rough 
measure of it can be obtained by measuring the equivalent atomic 
absorption adjacent to the G band and subtracting this from the 
total absorption of the band. 


OBSERVATIONAL MATERIAL 
From large-scale microphotometric tracings of homochromatically 
calibrated prism spectrograms (30 A/mm at Hy) of representative 
3 Phys. Rev., 39, 142, 1932. 6 Zs. f. Phys., 54, 856, 1929. 
4 Pub. Obs. U. of Mich., 3, 258, 1923. 7Ap. J., 79, 317, 1934. 
5 Lick Obs. Bull., 10, 79, 1919. 8 Jevons, op. cit., p. 83. 
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stars of spectral types F to M selected from the files of the Yerkes 
and Perkins observatories, total absorptions, expressed in angstrom 
units, of the following regions were measured: G = \ 4293 — 4317; 
V = d 4236 — A 4292;R = d 4318 — A 4383. The tracings of each 
region were reduced to the usual plots of percentage absorption and 
were then integrated by means of a planimeter. No approximations 
were used, measures being made at short intervals along the tracing. 
From this point on, G, V, and R will be taken to mean the equiva- 
lent widths of those respective regions. Twenty-five stars (Table 2) 
were used, distributed as well as possible both in spectral class and 
luminosity. Only plates of nearly equal density, having no guiding 
errors, and for which complete and very well-defined H and D curves 
were available, were used. 
ACCURACY OF THE MEASURES 

The data in Table 2 are meaningless unless the order of their 
accuracy is known. To check the general accuracy, three spectro- 
grams of a Persei (two Perkins plates and one Yerkes plate), two of 
the sun (sky), two of o? Eridani, and two of 7 Coronae were reduced 
independently. To check the microphotometer in particular, two 
plates of the sun were reduced twice each and on different days. The 
results appear in Table 1 and are very gratifying. The largest scatter 
is seen to be 13 per cent and the mean error is but 5 per cent. The 
final result, which is a simple function of these observed quantities, 
will have a slightly higher mean error. It is actually observed to be 
about 8 per cent. We can, therefore, be reasonably sure of the varia- 
tions in equivalent widths given in Table 2. 


THE METHOD OF REDUCTION 


The blending of atomic and molecular lines in the G band is both 
real and instrumental. If very high dispersions were available, many 
of the band lines would undoubtedly be seen free of atomic lines, 
but some would be associated with the wings and cores of atomic 
lines. For the former, subtraction of the atomic absorption from the 
total absorption in the region would give the molecular absorption; 
for the latter, the theory of blended absorption lines would have 
to be applied. If one assumes a scattering atmosphere in which the 


a 
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molecules and atoms are well mixed, and neglects collisions, Doppler 
effect, and variation of 7 with depth (n = //k, where / is the co- 
efficient of line absorption and & is the coefficient of continucus ab- 
sorption), then Thackeray’s? results could be applied. It can easily 
be shown that even in this simple case the mathematical complexity 
precludes a practical solution. However, those molecular lines 
falling near the cores of the much stronger atomic lines would be 
obliterated, for at such a frequency one sees but a small distance into 


TABLE 1 


MEASURE OF REDUCTION ACCURACY 














Star J R G A Plate 
EO a ARR cere 7 Pe 9.8 6.1 23.0 PY 278P 
a Perse. . 7.4 TEL 6.1 24.6 1R 10714 
COREOE scicrs.9 3:05 Paces 7.9 9.5 Cy, 23.1 PY 312? 
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SHINS ae 5. crowns vate, SHR 10.9 10.2 9.3 30.4 PY 454P 
ee rege e 10.4 9.8 8.5 28.7 PY 452F 
Pape es a OAR ror II.g II.9 9.4 33.2 PY 452P 
OF EFIGGDE: 25.2.0 hdc 12.0 8.9 9.5 30.4 PY 245P 
Pa ci 13.8 9.6 9.8 33.2 PY 232P 
nm Coronae..... een O:7 Q.2 4.2 26.1 1R 9147 
WCOLOURE occ. he ee 10.4 0:3 fie 27.0 PY 376P 




















the atmosphere, thus blocking out the CH molecules which lie be- 
low. In short, if inordinately high dispersion were available, one 
could merely subtract the atomic absorption from the total absorp- 
tion and arrive at a good first approximation to the true CH absorp- 
tion. 

With the dispersions ordinarily available, however, the instru- 
mental blending is probably far greater than the true blending, and 
any attempt to extrapolate the profiles of the atomic lines down to 
the true continuous background would vitiate the results. The 
equivalent atomic absorption may be estimated by the use of the 
adjacent regions R and V. These regions were chosen so that on an 
average microphotometer tracing each showed twice as many atomic 


9Ap. J., 84, 433, 1936. 
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line-peaks as did the G region. The assumption that, on an average, 
(V + R)/4 would behave similarly to the atomic lines in the G 
region is open to some question, especially in the case of the super- 
giant stars in which we should expect inordinately strong ionized 
lines in the G region. To check this roughly we can examine the 
case of the supergiant a Persei. Weighting each absorption line in 
the regions V, R, and G by the listed’? intensity and summing over 
each region, we obtain for the G region a count of 129 and for 
(V + R)/4a count of 123. Thus, even though the’G region is known 
to be rich in ionized lines, this assumption apparently does not 
vitiate the results. 

Rather than use a statistical method, it might seem more logical 
to observe equivalent individual lines elsewhere in the spectrum for 
each atomic line found in the G region and to subtract this sum from 
the total absorption of the G region. This method was found im- 
practicable, primarily because equivalent unblended lines of the 
same theoretical intensity as those in the G region cannot be found 
with the dispersion employed (30 A/mm at Hy.) It is questionable 
whether the method would be feasible even with considerably higher 
dispersion, for few strictly equivalent lines could be found, and al- 
lowance for these differences for some fifty lines would involve con- 
siderable uncertainty, even if all the comparison lines could be found 
in the unblended state. When both factors are taken into account, 
the method is even less certain than the one employed. The writers 
wish to emphasize, however, that the present method is an approxi- 
mate one and that the results must be taken as only a relative 
measure of the CH absorption. Since, however, no better method of 
attacking this interesting problem was available, it was felt that its 
use was warranted. 

Most previous observers have agreed that the CH absorption 
earlier than F5 is entirely negligible and that the intensity of the 
G band is due to atomic lines alone. We have taken the mean of the 
differences G — (V + R)/4 for two Fo and two F2 stars (amounting 
to 1.1 A) as the zero correction. Attempts were made to deduce a 
further correction to allow for the possible variation of this excess G 
atomic absorption with spectral class and luminosity, but it was 


10 T. Dunham, Contr. Princeton Obs., No. 9, 1929. 
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concluded that with the present material such attempts would be 
too arbitrary and they were abandoned. We have thus: A = G — 
(V + R)/4, and B = A — 1.1, the latter taken as a measure of the 
molecular part of the G band. 


OBSERVATIONAL RESULTS 


In addition to the G, V, R, A, and B defined above, it seemed 
interesting to record the quantity S, the sum of V, G, and R, also 


TABLE 2 


EQUIVALENT WIDTHS IN G-BAND REGION FOR TWENTY-FIVE STARS 
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* The dynamical parallax gives M = +0.1 for e Hydrae, and this value was adopted. 


the ratio V/R. Finally, for comparison purposes, the means of sev- 
eral independent estimates of the CN absorption at \ 4200 were 
noted. These quantities are listed in successive columns of Table 2 
along with the star’s name—stars are arranged primarily according 
to spectral class and secondarily according to luminosity—and its 
trigonometric and spectroscopic absolute magnitudes. 
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DISCUSSION OF THE RESULTS 

Perhaps the most interesting point illustrated in Table 2 is the 
difference in behavior of G, the total absorption of the entire G 
region, and of B, the probable CH-band absorption. The G intensi- 
ties follow the curve given by Rufus, and the B intensities follow, 
generally, the theoretical curves given for CH by Russell and sub- 
stantiate the visual estimates by Struve and Swings. But whereas 
almost invariably the G intensity, which closely parallels the be- 
havior of S (the sum of all measured absorptions), in giants is equal 
to, or greater than, its value in dwarfs, just the opposite result is 
noted for B. The latter is in accord with theory; dissociation is 
greater in a giant’s atmosphere than in a dwarf’s. In the G stars the 
greatest absolute-magnitude effect for G occurs, an increase of 30 
per cent in total G absorption being noted in passing from dwarf to 
giant. Thus, for a G5 dwarf (M = 6.1) G = 9.6A and for a G5 
giant (M = — 2.0) G = 13.2 A. In other classes this difference is 
smaller but is of the same nature. In the F8 stars for which there is 
a good range in absolute luminosity, the curve representing the G 
absorption and also the curve for S, if drawn, would have a mini- 
mum for intermediate luminosities. This may be due to the effect, 
noted previously,” that the curves relating total absorptions to abso- 
lute luminosities in classes F8 and Go are concave upward: both 
pronounced dwarfs and supergiants have more intense atomic lines 
than the stars intermediate in luminosity. 

The variation of B is in agreement with Russell’s predicted curves 
except that the maxima observed are flatter, especially for the 
dwarfs. The maximum values for B are nearly the same from F8 to 
Ko. Asomewhat better agreement with the theoretical curves would 
be obtained if the latter were shifted about one spectral subdivision 
for the giants and about four forthe dwarfs, toward the higher 
temperature side of the graph. 

The mean value of B for the dwarfs of classes F8 to Ko is slightly 
greater than three angstroms of total absorption, or about 30 per 
cent of the total absorption in the G band. For giants this is found 
to be less than 20 per cent. 

The variance of previous results concerning the behavior of the 


uJ. A. Hynek, Contr. Perkins Obs., No. 1, 1935. 
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G band and the CH band are thus seen to be apparently due to the 
lack of discrimination between the principal components of the G 
band. The atomic lines grow stronger and the CH lines weaker as 
brighter stars are observed, but with small dispersions the net result 
will appear different from that with high dispersions. This is es- 
pecially so with visual estimates. The differences in the G values in 
Table 2 for different stars of the same spectral class, and correspond- 
ing stars of different spectral classes, are thus probably real, especial- 
ly considering the small probable error, and are due to the conflicting 
absolute-magnitude effects of the three components of the G band: 
the neutral and ionized lines, and the band lines. G, which thus rep- 
resents the total of these effects, is therefore unreliable as an exact 
criterion of luminosity or of spectral class, although, in the mean, G 
increases to a maximum at K2 and then decreases slowly, in accord- 
ance with the results by Rufus. 

It will be observed that B in a giant Go is about equal to that ina 
dwarf F8. If we assume that B is a measure of CH absorption, as 
appears to be the case from the foregoing, we can compute the ratio 
of association into molecules in the atmosphere of the giant and 
dwarf. Adapting the equation given by Russell’ to our needs, we have 


21,000 


log Kay = 4.05 + > log T — T°? 


where Key is the dissociation constant for CH, and T is the absolute 
temperature. If we assume T = 6150° for the F8 dwarf and T = 
5200° for the Go giant, then log K* = 2.62 and log K’ = 1.87. But, 
by definition, 
, cpu 
Keu = P P ’ 
Pcu 
where the ’s refer to partial pressures. Taking the ratio of the two 
K’s, we have 
Kt piry ye Pew vas 
K* pth, Pon 
If S, refers to the number of particles of substance x per unit 
area, 
, _ Cpe 
S, = <2, (2) 
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C being a constant and g and y referring, respectively, to the surface 
gravity and the mean degree of association into moiecules in a star’s 
atmosphere. From the last two equations we can write, assuming 
that S:47 = Sci, since we have taken a case in which the observed 


total absorptions are equal: 


” a 
Kon _ (Su+ Sc+g+y)4 
Kin (Su . Sc aig y)9 2 





Inserting the values of log Sy and log Sc from the published data of 
Russell, and computing the g’s from his formulae, we have 


i a ASy" - 


The mean degree of association into molecules in a dwarf star of type 
F8 is, therefore, more than four times greater than in a giant star of 
type Go. Using the well-known formulae of Russell, we obtain 


: ee 
Pou = 83-0Pby » 


where # is the partial pressure. 

It appears that the ratio V/R increases 40 per cent in passing from 
Fo to Ks, independently of the luminosity. 

THE QUANTITY S 

Since the measures of equivalent width of a line depend only upon 
the intensity of the continuous background in the immediate vicinity 
of the line, many troublesome factors—variable extinction factor, 
color equation, variation of color sensitivity of the plate, etc.— which 
make the deduction of true spectral energy-curves and similar 
photometric problems most difficult, do not enter. If heterochro- 
matic spectrophotometry is employed and the plates are standard- 
ized at the same intensity level as the stellar image, and if a uniform 
processing technique is employed throughout, the sum of the total 
absorptions in, say, the region AX 3800-5000 becomes a fundamental 
observable quantity. Results by Williams” indicate that the equiva- 
lent widths are independent of the dispersion employed, and thus 
the observations could be extended to very faint stars. Further- 


Ap. J 83, 279; 1930. 
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more, the ratio of total Balmer absorption to the remaining absorp- 
tion in the given region would provide a sensitive observational 
criterion of opacity in stellar atmospheres. 

The present quantity S has been included to test the applicability 
of such an absorption index. The region covered is but 150 A, and 
not all the spectrophotometric precautions were taken, but the 
variations are significant. S shows a 60 per cent increase in passing 
from a dwarf to a giant G5. It appears to be influenced by the same 
effect noted before in F8 and Go stars, though the material is too 
scanty to allow any generalization. 


G, B, AND S FOR COMPOSITE AND PECULIAR STARS 

Two composite stars, y Persei, F5A3, and 5 Lacertae, KoAo, 
were included in Table 2 so that the quantities, G, B, and S might be 
used as a check upon their spectral classification. We should expect 
that the spectrum of the A star superposed upon that of the later 
type would reduce the total absorption, especially when the hydro- 
gen lines are not included in the measures. This is the case for 5 
Lacertae, for which S is 35.6 as against the mean of 51.0 for Ko 
giants, but in the case of y Persei S is 38.7 as against 23.6 for 
a Persei, another F5 giant. Visual estimates bear out this result, 
and also the color of this star indicates that its mean spectral class 
is Fg rather than intermediate between F5 and A3. Furthermore, 
B for this star is three times greater than for a Persei, whereas for 5 
Lacertae B is less than one-half the value found for the correspond- 
ing Ko giant. Thus 5 Lacertae appears to be correctly classified but 
y Persei is anomalous, and the primary star is probably considerably 
later than Fs. 

R Coronae Borealis was also measured at a recent maximum. Al- 
though the spectrum has “‘c”’ characteristics, its S is in agreement 
with that of dwarf G stars, as is the quantity G, but B is much 
smaller than normal, in spite of the great carbon content of the star, 
thus emphasizing the hydrogen deficiency in this star. 

PERKINS OBSERVATORY 
July 9, 1937 














































ON THE ORIGIN OF THE SOLAR SYSTEM 
W. J. LUYTEN AND E. L. HILL 


ABSTRACT 

The theory of the origin of the solar system recently proposed by Lyttleton has been 
reconsidered. It is shown that Lyttleton’s vector diagram is not applicable to the case 
of a planet-generating stellar encounter. Two factors overlooked by Lyttleton are 
shown to be of considerable importance. The first concerns the energy required to 
generate the planets. This is found to be so large as to require the intruding star to have 
an initial velocity of the order of 100 km/sec, which in turn results in the center of the 
planetary ribbon acquiring a velocity far beyond the escape velocity, relative to the 
sun. The second is that the action of the colliding stars on the filament cannot be 
neglected after the collision, and it is found that together these two stars retain roughly 
94 per cent of the length of the planetary ribbon, leaving only 6 per cent available for 
possible capture by a third star. This makes it very difficult to understand how the sun 
could have acquired its planetary system by the mechanism suggested by Lyttleton. 

A new solution for the origin of the solar system has recently been 
proposed by Lyttleton.’ He considers that the sun (A) may have 
formed a binary system with another star (B), similar in mass and 
size, and that a third star (C), likewise similar in mass and size, may 
have entered the system and by a close collision may have divorced 
the sun from its companion. It is then proposed to show: (1) that 
B acquires and C retains sufficient momentum so that the three stars 
escape permanently from one another and (2) that some of the fila- 
ment formed between B and C during the collision may be captured 
by the sun A and may remain behind to form our planetary system. 

The binary-star phase of the theory was originally proposed by 
Professor H. N. Russell in order to avoid the principal dynamical 
objection to the collision theory, viz., that of the insufficiency of the 
angular momentum, which was originally pointed out by Noélke and 
by Russell. However, he did not publish any detailed theory along 
these lines, and the present version was developed by Lyttleton. 

Of course, since this problem is essentially one of many bodies, and 
at best involves the solution for three bodies with unknown initial 
conditions, it is impossible to discuss the mechanism in any great 
detail. We feel, however, that it may be pertinent to add a few re- 
marks to those of Lyttleton in an attempt to define the problem a 
little more closely. 

™R. A. Lyttleton, M.N., 96, 559, 1936. 
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The discussion of the problem may be conveniently divided into 
two parts, the first dealing with the physics of the collision and the 
generation of the planetary matter and the second with the dynamics 
of the encounter. In order to simplify matters we shall, in the main, 
adopt assumptions concerning the numerical factors in the problem 
similar to those used by Lyttleton. 

The sun and its identical companion are supposed to be revolving 
initially in a circular orbit about their common center of mass at a 
relative distance of 18 astronomical units and, hence, have a rela- 
tive orbital velocity of 1o km/sec. Star C is also taken to be identical 
in mass and size with A and B. 


I. CONSIDERATION OF THE HYDROGEN CONTENT 


If we follow Jeffreys on the internal constitution of the planets 
we may assume, roughly, that Saturn has a central core of about four 
times the diameter of the earth and of similar composition. This 
leaves an outer layer about 32,000 km in thickness and a total mass 
some thirty times that of the earth, which might be composed, say, 
first of a layer of ice, then possibly of oceans of liquid NH, and CH, 
surrounded by an extensive atmosphere which may contain large 
quantities of free hydrogen but which certainly still contains gaseous 
ammonia on its outer boundary. It is rather difficult to estimate the 
actual percentage of hydrogen on Saturn now, but we might per- 
haps put it at roughly 15 per cent by mass. For Jupiter, the only 
planet which really counts, it would presumably be less, and for the 
average of all the planets we may adopt the value of 10 per cent by 
mass. 

According to Russell, the H-content of the solar atmosphere is 
about 300:1 by number or about 12:1, or 92 per cent, by mass if we 
adopt Unséld’s mixture of other elements. B. Strémgren has indi- 
cated an H-content for the sun as a whole of about 37 per cent by 
mass. Hence, if the planets were formed by collision, out of stars 
similar to the sun, it would seem only reasonable to suppose that the 
original matrix of our planets contained at least 50 per cent hydro- 
gen by mass, so that as a minimum this original planetary matrix 
must have had twice the present mass of the planets, or about 
0.003 ©. 
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Following the assumptions made by Jeffreys on the mechanism 
of a collision (and these seem to be the only ones proposed thus far 
which render the collision theory amenable to quantitative treat- 
ment), Luyten’ has shown that the collision must be extremely close 
before so much matter as this can be sheared off. It seems reason- 
able, therefore, to assume that the periastron distance must have 
been of the order of a solar radius. It follows that the relative 
velocity of the two stars at periastron must have been of the order of 
1000 km/secormore. As Russell has suggested, the velocities acquired 
by the ions and electrons in the planetary matrix will be of the same 
order of magnitude, and the temperature of the filament will then 
depend upon the molecular weight. At any rate, it seems reason- 
able to suppose that a great deal of the filament originally sheared 
off will dissipate into space—hydrogen as well as heavier elements. 
Parts of the original filament will fall back into B and C, while 
other parts will remain within their respective velocities of escape. 
Only the very central part of the ribbon, where the forces of the 
other two stars more or less balance, would seem to be favorably 
situated for capture by the sun. Since it will be shown later that 
this central part is always moving with a velocity exceeding the 
parabolic velocity relative to the sun, it follows also that the actual 
fraction of the original filament (not counting the parts which fall 
back into B or C) which may come to form our present planetary 
system must be very small indeed; and, even if the foregoing argu- 
ment on the hydrogen content is discounted, it would seem con- 
servative to estimate that this original filament must have had a 
mass of at least o.o1©. No account has been taken in this of the 
amount required for the resisting medium apparently still needed to 
account for the present circularity of the planetary orbits. The al- 
lowance made here for matter allotted to the two participants of the 
collision may need further elaboration in view of the fact that 
Lyttleton apparently ignores the existence not only of A before and 
during the collision but also of both B and C after the collision. We 
believe that this is not justified, since it is apparent that both B 
and C will remain closer to the center of the planetary ribbon than 


W. J. Luyten, Zs. f. Ap., 7, 46, 1933. 
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will A, for ten years or so. In section ili we give a short discussion 
of the effects of B and C on the filament. 


II. INITIAL CONDITIONS 
The first problem is to calculate the energy required to remove 
this much matter from the surfaces of B and C. Let B and C be 
the masses with which the participants of the collision escape, and 
6 and y the small amounts sheared off. We then have: 


Before the Collision After the Collision 
B at an infinite distance from C B at an infinite distance from C 
6 at an infinite distance from C 6 at an infinite distance from C 
¥ at an infinite distance from B y at an infinite distance from B 
8 on the surface of B 8 at an infinite distance from B 
7 on the surface of C y at an infinite distance from C 


In addition, 8 and y were originally at an infinite distance from each 
other, while we cannot say just what the situation is later. Pre- 
sumably, owing to dissipation into space, the constituents are 
farther apart after the collision than they were before, but the 
amount of energy involved is very small and, moreover, is imma- 
terial for the present purpose, since 6 and y have to be removed from 
B and C in the first place, so that whatever happens afterward can- 
not benefit the energy content of B and C. 

The first three lines in both columns remain unchanged by the 
collision, but the fourth and fifth indicate a marked gain in potential 
energy after the collision. This, it would seem, could only have been 
brought about by a diminution in the kinetic energy of the system 
BC, and the change involved is seen to be equal to the energy re- 
quired to remove this much matter—o.o1 ©—from the surface of a 
star like the sun (i.e., to give it a velocity of 620 km/sec). Using the 
solar mass and km/sec as units, this kinetic energy is 1900, while 
with the foregoing assumptions the amount required to “ionize” 
B from A is only 50. Lyttleton has considered the latter but has ap- 
parently overlooked the former which, it now appears, is about forty 
times as large. 

Using the center of mass of B and C as origin, we see that, if the 
two stars ultimately are to separate with no more than their relative 
parabolic velocity, their velocity at a distance while they approached 
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must have been about 43.5 km/sec each, making their original rela- 
tive velocity at least 87 km/sec. 

Since A is supposedly ignored during the collision, the approach 
velocity of C relative to A must have been at least 77 km/sec (the 
relative orbital velocity of B being 10 km/sec). As will appear later 
on, in the case most favorable for capture of the planetary filament 
by the sun the star C automatically removes itself from A, and no 
further allowance need be made for it. If the mass of the original 
planetary filament should have been more than the amount as- 
sumed here, this value of 77 km/sec must be correspondingly in- 
creased, and a value for the initial velocity of C relative to the sys- 
tem AB of 80 km/sec would seem entirely reasonable as a lower 
limit. While at the present time such a value appears higher than 
that observed for the average star, there seems to be nothing in- 
herently improbable in it at the time of the presumable origin of 
the solar system. 


III. DYNAMICS OF THE COLLISION 


We now come to the dynamical part of the problem. After the 
collision is over, B and C must both escape from A, but in directions 
roughly opposite to each other and with velocities much less than 
their approach velocities. If we admit the reasonable assumption 
that the velocities at different points in the planetary filament are 
roughly linearly distributed between the extreme velocities of B and 
C, it might be thought that some part of this filament could have 
elliptic velocities relative to the sun. To study this a vector diagram 
similar to that used by Lyttleton might be constructed. 

Unfortunately, the diagram drawn by Lyttleton illustrates a 
situation very different from that which his theory considers. His 
diagram indicates a deflection of about 20° in the relative velocity 
of B and C before and after the collision, which in turn indicates an 
eccentricity of e=5.7 in the relative hyperbolic orbit. If a is the 
semi-axis major and g the periastron distance in this orbit, we have 
q = a(e — 1), and hence for the velocity at infinity: 


— k?M(e — 1) . y. = 9 
a q Vg 
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(since the total mass=20, e = 5.7. V is given in km/sec, g in 
astronomical units). 

If V is to be at all reasonable, g must be large—of the order of one 
astronomical unit or more—so that no collision can occur, or we must 
assume M to be very small. For a collision between two planets 
similar to Neptune we might have M = m, +m, = 1040, g= 
3 X 10 4 astronomical units, and V,, = 38 km/sec. It is clear, 
however, that for a planet-generating encounter between two stars 
similar to the sun, g can hardly be as large as the solar radius, or 
g = 4.6 X 10 3 astronomical units, in which case V becomes 1300 
km/sec. To assume this to have been the case not only would in- 
crease excessively the improbability of the event but also would give 
the planetary matter a velocity well outside the escape limit relative 
to the sun. 

We can redraw Lyttleton’s diagram, making use of the value of 
80 km/sec for the initial velocity of C derived above. The chief 
difficulty lies in choosing the times when the collision effectively 
“begins” and “ends,’’ but we may specify these somewhat by as- 
suming them to be when the separation of B and C is of the order 
of a few astronomical units. Until the beginning of the collision, 
then, we may assume that the velocity of C increases relative to 
both A and B but that from then on and until the end of the col- 
lision, the motion of B and C can be treated as if A did not exist. 
At the beginning of the collision the velocity of C relative to the 
system AB may still be taken to be of the order of 80 km/sec, while 
at the end of the collision the velocity of C relative to B may be of 
the order of, say, 30 km/sec—but it may be much less. 

It seems reasonable to assume that the thickest part of the plane- 
tary ribbon lies about midway between B and C, so that the most 
favorable situation for the capture of planetary matter by the sun 
occurs when the velocity of this halfway point (which is presum- 
ably equal to the velocity of the center of mass of B and C) has the 
smallest value relative to A. This will occur if C comes in with a 
velocity opposite to the instantaneous orbital velocity of B around 
A. Figure 1 illustrates this case: relative to A the velocities of B 
and C before the collision are as indicated by the vectors so labeled 
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and amount to 10 and 80 km/sec, respectively. Circles J and J/ 
are drawn around A as center with radii equal, respectively, to the 
velocity of escape of a particle relative to A at the distance of B 
(i.e., 10 km/sec) and to the velocity of escape of a solar mass relative 
to A at the same distance (i.e., 14.1 km/sec). The line BC repre- 
sents the relative velocity of B and C before the collision. If P be the 
point midway between B and C, then AP represents the velocity of 
the centroid of B and C relative to A. The velocities of both B and C 
relative to their center of mass are greatly reduced by the generation 
of planets as shown above, but it is clear that the velocity of this 
center of mass relative to A is not affected, and the vector AP con- 








oy 





tinues to represent this velocity after the collision. This same vec- 
tor, then, also represents the velocity of the center of the planetary 
filament relative to A. It is easily seen that AP must be of the order 
of 35 km/sec, or three and one-half times the escape velocity relative 
to A. 

Let B’ and C’ represent the velocity points of the stars B and C 
after the collision; the angles CPC’ and BPB’ must be large, but 
less than 180°, and the velocities of the various parts of the planetary 
filament will be represented by the continuum of points along the 
whole length of B’C’. If the sun is to retain any part of the filament, 
but both B and C are to escape, the necessary conditions are, as has 
been shown by Lyttleton: (1) both points B’ and C’ must lie outside 
circle 77 and (2) the line B’C’ must intersect circle J between B’ 
and C’. 

The radius of circle JJ is 14.1 km/sec, and AP is of the order of 
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35 km/sec, and, as it was remarked above that B and C will escape 
from each other if their relative velocity at this time is of the order 
of 30 km/sec, the condition that both B’ and C’ lie outside JJ is 
seen to be easily satisfiable. Since both B’ and C’ lie on the same 
side of the circle 77, the second requirement cannot be met in the 
present instance, and the entire planetary filament possesses veloci- 
ties well outside the escape limit relative to the sun. 

It is easily seen that this same condition has persisted throughout 
the duration of the collision; for example, at “last contact”’ the 
velocities of B and C will have been about as indicated by the dotted 
lines B” and C”, having then been turned through roughly 120° and 
amounting to about 320 km/sec each. 

From the point of view of the solar system it is, of course, not 
necessary that B and C escape from each other, so that it would also 
be unnecessary for the initial velocity of C to be as large as 80 
km/sec. The point P might, therefore, lie much closer to A. But if 
the combined system B + C escapes from A, the point P must lie 
farther than 10 - 1/3 from A, and in that case the length of B’C’ 
after the collision would be very small and it would not intersect 
circle J. 

Next we consider whether a remedy could be found in a possible 
increase of the initial velocity of C and hence also of PC’ to such an 
extent that C’ lies to the left of circle 77. In this case C comes in 
with a very high velocity, and B and C likewise part with a velocity 
much in excess of the parabolic value. But as long as the masses of 
B and C are equal, the distance from P to the left-hand side of 
circle /7, lying within the angle subtended by circle J as seen from 
P, is always greater than PC, whereas the vector PC’ must be less 
than PC. We again conclude that as long as the masses of B and C 
are equal, planetary masses generated in this way by a collision 
between them will not be captured by the sun. 

From this conclusion we derive an indication that a solution might 
be found by assuming C to have been less massive than B. By way 
of illustration’ we examine the case 


Ma= Mp=0,Mc=30, 


3 We are indebted to Professor H. N. Russell for this suggestion. 
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for which the corresponding vector diagram is shown in Figure 2. 
It is evident that the initial velocity of C must now have been much 
greater, the radius of circle // in so far as C is concerned is now 12.8 
instead of 14.1 km/sec, and the periastron distance during the col- 
lision of B and C should perhaps be slightly diminished. We may 
adopt g = 4X10 * astronomical units and may likewise adopt a value 
of 1800 units for the energy now required to generate the planetary 
filament. A few numerical trials indicate that the most favorable 
case occurs for V. = 120 km/sec, initially, relative to A. We then 
find: PB = 50 km/sec, PC = 80 km/sec, and PA = 40 km/sec. 
The kinetic energy of the system BC previous to the collision is 3200 
units, and we assume a diminution of this to 1400 units. Hence 
PB’ = 33 km/sec, PC’ = 54 km/sec, and the relative velocity of 


, 
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B and C, which amounted to 130 km/sec before the collision, is re- 
duced to 87 km/sec afterward. Treating their relative path as a 
hyperbola with a velocity at infinity of 108 km/sec, we find a = 
0.19 astronomical unit, and with the foregoing value of g = 0.004 
astronomical unit we have e = 1.021 and hence an angle between 
the asymptotes! of about 156°. This is the angle CPC’ through 
which the velocities are turned. But from the position of P we see 
that an angle of at least 165° is required before B’C’ will intersect 
circle 7. Any further increase in the initial velocity of C not only 
increases AP but also decreases the angle CPC’. 

Again we see that, in this instance, while it is easy to have both 
B and C escape from A, all the planetary filament formed escapes 
with them. 

It is perhaps conceivable that by choosing specific values for the 

4 Strictly speaking, the angle between the asymptotes is the supplement of this, viz., 
24°, but the velocity vector is turned through 156°. 
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masses and diameters of the stars or for the distance AB, C’ could 
be kept outside 77 but B’C’ would be made to intersect circle J. 
It is clear that in this case only a small fraction of the line B’C’— 
and hence of the planetary filament also—could fall within the sun’s 
sphere of influence, but this would also largely or wholly lie within 
the elliptic limit relative to C. 

A rigorous treatment of the motion of the particles in the plane- 
tary filament seems out of the question, but it can be easily seen 
that the fraction which escapes from both B and C is probably al- 
ways quite small. Let B and C be the masses of the two stars B 
and C which are assumed to be separating with exactly the para- 
bolic velocity, and let r be their distance of separation at the time 
when the planetary filament breaks. Let us further assume, with 
Lyttleton, that the velocities of the various points in the filament lie 
roughly linearly between the velocities of B and C, and that, after 
the filament breaks, each part of the ribbon pursues its course solely 
under the influence of the attracting masses of B and C, not being 
perturbed by adjacent parts of the filament. 

At that instant, then, the velocity of B relative to C will be 


; 1/2 
V=k jee) 2] 
5 r 
in which k is the Gauss constant. Consider the motion of a particle 
Q at a distance ar from C. Its velocity relative to C at that time 
will be 


1/2 
Va = aV = ak Jeo) ; 


It is subject to an acceleration directed toward C, of amount 


keC kB = Ba? 


a eee 6S 1~- a 
a’7? (1 — a)*s?— sa?’ C (1 — a)? 


Since star B is moving away with a high velocity, its attraction on Q 
diminishes more rapidly than does that of C, so that the expression 
given above for the acceleration toward C is a minimum value, and 
capture by C might well be expected if this value for the accelera- 
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tion is sufficient for it. Instantaneously the particle Q moves as if 
it were attracted by an effective mass, 





B a’ 
. E ~¢ a 


situated at C. Relative to this mass the velocity of escape will be 


: 2C\!/2 B a2 1/2 
J esc = k (=) [ Cc a 2 


The necessary requirement for capture is Vg < Ves. It is seen, as 
might have been expected, that 7 cancels out of this inequality so 
that we do not need to make any special assumptions as to the 
time and the separation when the planetary ribbon breaks. If we 
let aor designate the distance of a point for which the combined at- 
traction of B and C vanishes, and C/B = h, we have 


hr/2 
a = ——. 
"og At? 
If we now set a = a, — ¢, and neglect second and higher powers of e. 
we obtain 
h(1 + h) 





‘> (1 + h*/?)(2 + 11h'/? + 10h + 11h3/?) ° 

We might similarly calculate the fraction retained by the other star 
simply by replacing / in all the foregoing formulae by 1/h. The es- 
sential element, however, is not what B and C retain, but how much 
matter can escape. In the foregoing notation this can be indicated 
by n = e(h) + €(1/h). A rigorous numerical calculation shows that 
remains virtually constant over a large range in h, increasing from 
n = 0.0584 for h = 1 (equal masses) to » = 0.0611 for h = 0.1 
(B = 10C). Hence we conclude that ordinarily not more than 6 per 
cent, linearly, is available for possible capture by another star. This 
alone makes the theory highly improbable and shows that the as- 
sumption made in the present paper that, inclusive of hydrogen loss, 
the present planets constitute 14 per cent of the matter sheared off 
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is chosen as favorably as possible to Lyttleton’s theory. The linear 
density of the ribbon would probably be greatest in the middle; but, 
since it has been shown that in all cases considered this same portion 
of the ribbon has a velocity well outside the escape velocity relative 
to the sun, we conclude that the sun’s possible share of the filament 
must be very small indeed. 

If the stars depart from each other with hyperbolic velocities, Vg 
is somewhat greater than the value adopted here, but B also gets 
away more quickly. As a concrete case, let us take B= C, witha 
relative velocity at infinity of too km/sec, and assume that the rib- 
bon breaks at r = 0.05 astronomical unit. The parabolic speed 
under these conditions would be 266 km/sec, the hyperbolic value 
285 km/sec, resulting in only a small change in the final value of a. 

In our opinion the analysis presented here shows that if the solar 
system did originate from such a collision process in a binary-star 
system, the actual course of events must have been quite different 
from that pictured by Lyttleton. Even if it could be proved possible 
for the sun to obtain planets in some such way, the theory would still 
be faced with the formidable physical difficulties of the older col- 
lision theory, such as the condensation into planets of the gaseous, 
low-density matrix having a temperature of the order of 10° degrees, 
and the difficult question of the resisting medium required to change 
the original highly eccentric orbits into nearly circular ones. 

Summarizing our conclusions, we may state them as follows: The 
sun and its similar companion B are initially supposed to form a 
binary system. The intruder C, which must be less massive than B 
in the case most favorable for the theory, approaches with an origi- 
nal hyperbolic velocity of the order of 100 km/sec. If all circum- 
stances are favorable, C may collide with B, and a planetary ribbon 
may be formed. It seems doubtful whether enough matter can be 
sheared off in this way to account for the present planetary system, 
but this portion of the theory is not now subject to definite proof or 
disproof. Granting it to be possible, we find that C loses most of its 
original kinetic energy in the process and that, surprisingly enough, 
it is much easier for C to “ionize’’ B from A than for B and C to 
get away from each other and from the filament, as was pointed out 
many years ago by Bickerton. B and C now depart, together retain- 
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ing some 94 per cent of the planetary ribbon. The small, but prob- 
ably relatively massive, central portion is left with a velocity well 
outside the escape limit relative to the sun. Since for a period of 
about ten years this central part of the ribbon remains closer to both 
B and C than to A and is subjected to the equal but oppositely di- 
rected gravitational attractions of the two stars B and C, and since 
it presumably came from deep within the interior of the stars and 
was consequently at a high temperature, it might be expected to 
largely dissipate into space. 

The sun may have been a witness, in the past, to such a catastro- 
phe, but our present investigation indicates, rather definitely we 
believe, that it can hardly have acquired its present planetary sys- 
tem in this way. 

UNIVERSITY OF MINNESOTA 
July 12, 1937 








NOTES 


CONSIDERATIONS REGARDING 
INTERSTELLAR MOLECULES 


ABSTRACT 

An attempt has been made to compute the numbers of certain molecules in inter- 
stellar space. The results obtained are unfavorable to Saha’s identification of one of 
Merrill’s interstellar lines with Na.. A search for the bands of CH, OH, NH, CN, and 
C, would appear to be promising. 

Attention has recently been drawn to the subject of molecules in 
interstellar space by H. N. Russell,’ P. Swings,? A. S. Eddington, 
and M. N. Saha,’ whose aims were essentially the interpretation of 
new interstellar lines of rather diffuse character, discovered by P. W. 
Merrill.s In the paper by Swings, a tentative identification of two of 
Merrill’s lines with rotatory oscillation bands of CO, is suggested; 
the theoretical width of molecular interstellar bands is calculated 
and found to be in good agreement with the observations; and finally 
the importance of the dissociation of molecules in a radiation field 
is advocated. Later on, Saha published the statement that one of 
Merrill’s bands (A 6283) was certainly due to the Na, molecule 
(transition 1b <> 12; = 0,v’ = 8) and that another line (A 5780) 
might provisionally be attributed to NaK (v”’ = 0, v’ = 5). We do 
not believe that Saha’s identification is correct; actually the experi- 
mental and theoretical investigations of the Na, spectrum and the 
determination of the corresponding Franck-Condon diagram by 
Loomis and Nile® and by Loomis and Nusbaum’ indicate clearly 
that several other bands of Na, (v’’ = 0 to v’ = 5, 6, 7, 9, 10) are 


*M.N., 95, 635, 1935. 
2 Ibid., 97, 212, 1937. 


3 Observatory, 60, 99, 1937. 4 Nature, 139, 840, 1937. 
5 Pub. A.S.P., 46, 206, 1934; Ap. J., 83, 126, 1936. 
® Phys. Rev., 32, 873, 1928. 7 Ibid., 40, 380, 1932. 
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of the same intensity as v’’ = 0, v’ = 8, and, therefore, ought to be 
present also. 

In any case, an estimate of the number of interstellar molecules 
seems important. If we assume that the density of radiation in the 
region of molecular absorption leading to dissociation is identical 
with black-body radiation at temperature 7 “diluted”’ by the factor 
5, the number of molecules in dissociative equilibrium will be given 
by the usual formula, except that the numbers of atoms have to 
be multiplied by V5 (for diatomic molecules). Indeed, compared 
with black-body radiation, the number of dissociations in unit time is 
now reduced by the factor 6, while the number of recombinations is 
proportional to the product of the numbers of the engaged atoms. 

We have, thus, as a first approximation :* 
81 
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where 14, sg, and m4, = the numbers of atoms (A and B) and mole- 
cules (AB) per cubic centimeter; 7, = the nuclear distance in the 
molecule; w = the fundamental frequency of vibration; D = the 
heat of dissociation; m = the reduced mass of the molecule |m = 
(m4mp/map)|; Ga, Gg, Gag = statistical weights of the electronic 
levels concerned. 


If we assume T = ro,ooo K; 6 = 2.10°; 7, = 10 °cm; w = 
a ~~ : 
2000 cm™'!; m = 10my = 10 ”3; GiG, = 10 we find for D = 5 volts: 
714U0B 
NAB ; = 
= 6.10 °; 
Nang 
for D = 10 volts (case of CO): 
NAB = 
= 6.107; 
NANB 
for D = 1 volt (case of Na,): 
NAB es 
a2 ,50°*" , 
NAnB 


8 Cf. S. Rosseland, Theoretical Astrophysics, p. 247. 
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For a triatomic molecule (such as CO,, assuming the reaction 
CO + O), we get 
=m = 4.1035. 

NANB 

Thus triatomic molecules like CO, must be rare compared with dia- 
tomic compounds. In the case of Na,, Eddington has given the 
maximum value to 10 ° atom per cubic centimeter for the density of 
neutral Va atoms in interstellar space. This would give us 


(tre, = 2.16 ~, 


which seems an extremely low value. 

On the other hand, most of the H, O, N, and C atoms must be 
in their neutral state in interstellar space; we may safely assume that 
for these elements the atomic populations per cubic centimeter are 
not much smaller than unity, say between 1 and to * atom per cubic 
centimeter. For diatomic compounds, such as H,, OH, CH, NH, O., 
CO, CN, etc., the numbers of molecules would thus not be much 
smaller than the numbers of interstellar Cat and Na atoms; but 
there would be less than 10 ‘4 CO, molecules per cubic centimeter; 
this is rather unfavorable to the identification of CO,. A search for 
the interstellar bands of CH, OH, NH, CN, and C, seems most in- 
teresting and promising. An interstellar line observed by Dunham? 
at \ 4300.3 may be due to CH. The only absorption lines of the 
(o, o),?A <— 7II transition of this molecule, starting from the lowest 
rotational level, are \ 4300.24 and A 4303.86. The second line could 
not be observed as a stationary line in an early B star, as it would be 
blended with \ 4303.82 O u. But the first would give an interpreta- 
tion of the interstellar line observed by Dunham; the corresponding 
absorbing molecules would all be in their lowest level, in complete 
analogy with the case of 77+ atoms. 

We may notice the influence of the adopted values for the temper- 
ature, the dilution factor, and the abundances. Actually if the tem- 
perature of radiation 7, and the temperature of matter 7, are identi- 
cal, we may apply the formulae of thermodynamic equilibrium with 
the dilution factor 6 and obtain the foregoing formula. If we suppose 


9 Pub. A.S.P. 49, 26, 1937. 
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T, # T., we have to consider separately all the possibilities of transi- 
tions to and from the various states of the systems and to exam- 
ine how these processes balance. But this could not modify sub- 
stantially the numerical results. It is obvious also that the value 
of the density of interstellar radiation is rather uncertain. Finally, 
the problem of relative abundances of atoms in interstellar space is 
still at its very beginning; it may be that the usual assumption of 
relative abundances similar to those of the stellar atmospheres is 


not right. 
P. SWINGS 
L. ROSENFELD 
DEPARTMENT OF ASTROPHYSICS 
UNIVERSITY OF LIEGE, BELGIUM 
May 1937 





NOTE ON THE INTERPRETATION OF UNIDENTIFIED 
INTERSTELLAR LINES 
ABSTRACT 

Spectroscopic objections to recent assignments of Merrill’s unidentified stationary 
lines to molecular absorption bands are outlined. 

Since the suggestion of the possible molecular origin’ of Merrill’s 
four interstellar lines,’ attempts to correlate them with absorption 
bands of known molecules have been made.*4 The resulting identi- 
fications are, unfortunately, open to purely spectroscopic criticism, 
and indeed it seems highly improbable that these lines can be inter- 
preted as molecular bands. 

Molecular absorption in the visible spectrum might be formally 
attributed either to rotation-vibration bands or to electronic bands. 
In considering the absorption due to the small number of molecules 
which could conceivably exist in interstellar space, however, bands 
of the first type must surely be excluded, for the intensities of the 
high harmonics and combinations which lie in the visible are so ex- 
tremely small that one could hope to observe such bands only in the 
relatively dense, cool planetary atmospheres. For this reason alone 
Swings’s? identification of the interstellar lines \ 6283.91 and 

™ Russell, M. N., 95, 635, 1935. 

2 Pub., A.S.P., 46, 206, 1934; Ap. J., 83, 826, 1936. 

3 Swings, M.N., 97, 212, 1937. 4 Saha, Nature, 139, 840, 1937. 
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d 6613.9 with 7v, and vy, + 4v, + 5y;, respectively, of carbon dioxide 
seems very doubtful. The absence of the very much stronger Venus 
bands in interstellar absorption’ confirms this conclusion. 

On the other hand, it would appear reasonable to investigate the 
intense electronic absorption bands arising from molecular ground 
states. To identify satisfactorily an interstellar line with a given ab- 
sorption band, however, it must be possible to show that (1) the 
shape of the line is compatible with the predicted envelope of the 
band at some reasonable temperature; (2) the wave-length of the 
line is equal to the wave-length of the intensity maximum in the 
band; and (3) the identification is compatible with the intensity dis- 
tribution in the band system. These three requirements can best be 
illustrated by a brief outline of the extent to which each is satisfied in 
Saha’s assignment of the interstellar line \ 6283.91 to the (11, 0)° 
band of the sodium molecule.‘ 

t. Shape.—The R branch of the (11, o) band has formed a head 
at its third line, so that even at 3.2° absolute the band would be 
strongly asymmetric, with a sharp, intense head on the short wave- 
length side. The interstellar line is observed to be approximately 
symmetric, although a definite statement as to its symmetry is im- 
possible because of the proximity of an atmospheric oxygen band. 

2. Wave-length.—The best absorption and magnetic rotation data’ 
show that the center of the interstellar line is at a wave-length 3.60 A 
shorter than that of the (11, 0) band head. So large a discrepancy is 
surely real, and is obviously independent of assumptions concerning 
the effective temperature of the absorbing molecules. 

3. Intensity distribution Absorption measurements in sodium 
vapor® lead one to expect the red system of the sodium molecule in 
interstellar absorption to consist solely of those bands originating in 
the lowest vibrational state—i.e., of the v’ progression (v’’ = o)— 
which includes at least seven bands of greater intensity than (11, 0), 
none of which is observed as an interstellar line. 

5 Private communication from Dr. Merrill. 

6 The vibrational analysis of this system has been revised so that the band called 
(8, o) by Saha is now recognized to be (11, 0). 

7 Fredrickson and Stannard, Phys. Rev., 44, 632, 1933. 


8 Fredrickson and Watson, ibid., 30, 431, 1927. 
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Saha’s tentative identification of the \ 5780.55 interstellar line 
with the (5, 0) band of NaK is subject to essentially the same criti- 
cism. The wave-length discrepancy? in this case is 3.38 A. 

Because of extremely low pressures in interstellar space, and the 
relatively high probability of the dissociation of molecules either by 
collisions with “‘high temperature” atoms and electrons or by photo- 
dissociation, it seems very reasonable to consider the probability of 
the existence of an appreciable concentration of polyatomic mole- 
cules as negligible and to rule out, as well, all diatomic molecules of 
low dissociation energy. Furthermore, since there is no experimental 
evidence for v’ progressions (v’” = 0) of more than one member, only 
those electronic transitions which would produce such spectra—1.e., 
transitions involving only small changes of the moment of inertia 
need be considered. A careful survey of the spectra of all known dia- 
tomic molecules which satisfy these conditions has revealed no possi- 
ble identification of the strong interstellar lines, and it seems highly 
probable that their explanation will be found elsewhere. 


It is a pleasure to thank Dr. Paul W. Merrill both for the privilege 
of inspecting his microphotometer tracings of the interstellar lines 
and for a number of helpful discussions during the preparation of 
this note. 

EUGENE H. EyYsTer 
CALIFORNIA INSTITUTE OF FECHNOLOGY 
PASADENA, CALIFORNIA 
August 14, 1937 


9 Loomis and Arvin, ibid., 46, 286, 1934. 
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